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fREFACE. 


Ttte writer, as a^sluflenVln Boston, sought, but flid not find, a 
technical treatise Ihat'defilt in a rclialde and practical way with 
modern methods of* soap manufacture and of the allied art of gl}- 
ccrin recovery. Numerous books on the subject of soap manu¬ 
facture the writer at that time found interesting and to a degree 
instructi.ve, buUin later years, when engaged in practical work in 
the soap industry, the same books were found to be little less than 
worthless. The books were written by men of no practical knowl¬ 
edge of the art in whicli they presumed to instruct. ^Modern methcKls 
received no consideration. The information was second hand, 
ill digested, and misinterpreted, and for obsoleteness was equalled 
i nly by .that of tlu' mechanical appliances that were illustrated and 
d(“scribed. A dcscri])lion of reasonable methods of glycerin recover)', 
> say nothing of reliability, considering the advance of the art, 
found no ])lace. I'he demand, which always has existed and which 
has greatly increased with the growth of the industry, for a book 
that would be of practical value not to the jnactical man alone, 
but to the beginner, whether he be employer or employee, is the 
sole excuse for the present work. 

The wide-awake practical man in any industry who is a thought¬ 
ful student of the trade literature of his art finds comparatively 
little help in the now voluminous literature which forms a class 
of its own called “technical.” In a progressive art the technical 
treatises devoted to it arc as a rule several vears behind the most 


improved “.shop” methods. 

It is the experience of every one who has given the subject any 
consideration that the practical man who has something 
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telling cither from motives of»is own will not, or^frora inherent 
(Icfieicncv cannot, write about It. Thcisoap in(li§;try has been 
indeblerl for its technical literature to tiios(^who can write, but 
who have little if anything worm tcTlin^. The writer, admitting 
candidh* that these are the conditions;^ sub*inits this bortk to the 
considc^^tifm of the industry^ ft-ali/ing full well th;((^* while he may 
be tlassilied as he himself has classiJigfi, he will receive that/leasuro^' 
of a])])robation that his effort deserves. | 

This book had its inception whg'w the writer was a student, 
and re])resi‘nts liis fairly conscientious eJTi)iit*tr) supply the demand 
for’sillh a book as he belieie^ the trade desires.’ lie has not 
attemjited ti' teach the skilled and progressive soa]) maker anything 
th?R he does not now know. Ilis art is one not learned from books. 
Ft)r such as he the writi'r has endeavored to su|i^)lement his prac¬ 
tical knowledge by a .systematized di.scussion of his art as jire.sented 
in this book. It is to the beginner and to those in the industry who 
desire to sujiplement their jiraitical knowledge thai the writer’s 
effort in the main lias been directed. 

The world is coming to realize as it has never done before that 
the liighest priiilege accorded to man is to help his fellow' man. 
If this ])()ok slioiild be iuiitrumental in hel})ing another, the writer 
will deem it an exercise of that high privilege, and therein will Ve 
his reward. 

Thi.s is a small world and all men are brothers. No man, how- 
*ever rare his acimnpli.shments, knows it all. If bv ciri umstance 
he be favored, he owes it as his duty as a man to .share that favor, 
for thereby only can he keep it. 

It is in this s])irit diat this book is sulnnitted. It is the writer’s 
contribution to the literature of an industry the .status and ])rogress 
of width in a most intimate sense indicate the degree of a nation's 
social development. 

If tills work, regardless of its defects, of which he alone is mo.st 
' conscious, may serve to advance the standard of praitical usefulne.ss 
of books on this subject, the writer's effort and inlluence will not 
be iqj-onsiderable. 


L. L. L. 
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• •*’iiAi‘'rKi< j. 

Tlli-: SOAP l.N'Dl’STRV. 

Historical ('onsiflcratioiis. 

As Amcri(aii*hi.slt)ry is a ^rafl upon the trunk, and a continua¬ 
tion in a new environmi-nt, of English traditions and customs, so 
is the industry whose technical study forms the subje('t of this work 
a continuation of the body of procedure which has its roots in English 
^,oil. But when we take into consideration the very jirimilive slate 
of ihc' induslry during tlie formative ])erio(l of the American nation, 
the industrial ofTslioot from the parent stem was too jiremature to be 
greatlv influenced by j)arenlal characteristics. Save in a few isolated 
and, in their early days, unimportant instance's, soap and candle¬ 
making was txclusively a household art, and continued so to be, despite 
the grow'th of systematized manufacture, until within the memory of 
many yc‘l living. Soaj) manufacture as we know it to-day is a crea¬ 
tion of the last liftv vears. Setting aside the hi.storicallv uncertain 
facts as to who di.scovered or iirst made soaj), and confining our 
attention to our UKKlern industrial en\'ironment, w’e need be con- 
cernefl only with the fact that the extraction of lye from w’ood-ashes, 
Eig. 1, and its boiling up with the fat remnants of the kitchen were 
the duty of the early hou.sewife; w'hich simplt* jirocedure remained 
e.xclusively a household indu.stry until urban grow’lh, with its diver¬ 
sified interests, sim])le though thi-y Avere in the beginning, had 
divorced certain |)ortions of society from direct dependence upon the 
soil. At this time the liouse-lo-house collection of fat-remnants , 
and their rendering in an ojien kettle, the product of whic|^ was 
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was thus enabled to obtain his owi^ caustic^ spda from soda-ash by 
causticizinj^ with lime. This continued to’be a part of the soap¬ 
manufacturing j)roces^' for man}' years, and yet persists where, for 
reasons of cheapness, the volufne of business transacted may warrant 
its employment. ArtifR'ial alkali was first used in the manufacture 
of soap in 182^. ]l,was manufactutt.'d in England by James Mus- 
jiratt according to the I.e Blanc* process. The Eancasliife soap- 
lioilers were loath Jo accept flu's new and jiurer article, and it was 
only after ^'luspratt had distributed gratis scores of tons of Le Blanc 
soda that they Jecame coj;i^ii%'ed of the sujierior economy of artificial 
over natural soda. 'The commercial jiroduclion of solid caustic 
dates from 1854, at which time im[)rovements introduced in its 
manufacture by William (Jossage in Taigland resulted in it^ more 
general use, although in a very impure state, liy soap-manufacturers 
and ])aper-mak?rs. 'I’lie use of the sheet-iron drums was intrixluced 
bv Thomjison in 1857, this innovation being a most welcome im- 
jirovement over cooling thi- licpiid caustic on iron slabs and sub- 
eciuenlly breaking it into pic'ces and packing in barrels for shipment. 

I'he l.e Blanc jirocess, a creation of French ingenuity, enjoyed 
its greatest development on English soil, and for half a century 
was one of the chief mainstays of England’s industrial su])rem'icy. 
The prai'tical employment of the jii'fieess involved certain technical 
aufl manv unsanitary disadvantages, whose baneful etTects jiroved 
a (.onstant encouragemert for the development of a simjiler and 
more hygienic jirocess. The mechanical difTiculties surrounding the. 
iirod'U'tion of alkali by what is now known as the ammonia process 
met their first practical solution at the hands of Ernest and Alfred 
Solvay, and in the jiast thirty years there have been c'stidilished, in 
c'very ci\'ili/.ed country, works operating the jjrocess covered by the 
original Solvay jiatents. The first ammonia scxla works were estab- 
lisjied in Bi-lgium in i8()_:?. LatcT immense works were established 
in England by Brunner, ,Mond &; Co., whose name is indissolubly 
associated with the develojiment of the jirocess in Great Britain. 

In 1881 Avorks for tlie jiroduction of alkali by the ammonia [>rocess 
were establislu-d by the Solvay Process Company near Syrac'dsc. 

r>i. v. 

As a result of protection ulTorded by import duties, Ar^crican- 
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alkali manufacture* incTcascd \)y enormous strides, and not only 
completely divorced the United States from dependence upon English 
alkali, but lost this country as an export market for the coarser 
sodium salts of English manufacture. 

Later similar works were established in •the vicinitv of Detroit, 
Mich., and at Akron, (thio; and at Niagara,Falls and elsewhere 
for the manufacture of caustiv' s(;da by ek'drolvtic processes. 

'Fallow for many years was the sole soap stock; the use of cocoa- 
nut-oil in domestic-made soa]i dates from 1829; rosin as a soap- 
stock acquired ])rominence shortly before the Civil War; in 1862 
the value of silicate of soda as an ingredient of household soaj) was 
First recognized in England; at about the same time .\. \’an Haagen 
of Philadelphia introduced the use of soda-ash in solution as a 
hardening agent for soft Ixidied soap. During this jieriod James 
Atkins of Hrooklyn built the first .soap-pre.ss, and about 1865 Babbitt 
put on the market the first cushion shajH'd jire.ssed bar, and 
also in 1870 received one of the first jiatents for the recovery of 
glycerin from waste so.ap lye. Cottonseed-oil,* the first suggested 
outlet for which was as a soap stock, first attracted practical atten¬ 
tion during this jieriod, the general utilization of which, however, 
was delayed, owing to faulty ])roces.ses of refining. A white, settled 
soap made buoyant by the incorjioration of ai.' acquired ])opularity 
as a “floating .soa])” early in the ’8o’s. 

In early days tallow was a farm product in the way ihat butter 
•is today. Farmers did their own butchering and jireserving at 
certain seasons of the yc*ar, and it was only in localities adjacimt 
to large centers, that the animal carcass was sold and the sejiaration 
of tallow from trimmings and .scraji^ was made by the town butcher. 

The purchase of cattle on hoof by local butchers and .slaughtering 
was a general industry until the growth of large centers of popula¬ 
tion and the rajiid ab.sorjition for agricultural pur])oses of land 
devoted to grazing. 

The we*stward growth of T)o})ulation and the use of fertile jirairie 
land for cattle raising, with conseiiuent wide sejiaration from a 
ready, market, jiroved an imjietus to slaughtering near the .source 
•of‘oupjiiy. The modern Western ])acking hou.se, following the center 


* See 'Cottonseed Prudui Is,” by Laiiiborn. 
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of corn production, is simply an eci^iiomic .sujjstirutc for the pic¬ 
turesque drover and tlie ])ractice of transformfng into cdiljlc products 
a rapidly deteriorating product at a remote distance from its source. 

That the packing and provision industry should come to be the 
largest j)roduccr of tallof^^ is^as natural a process as any organic 
develoj)ment in biolog^^ which has edioiency for its unconscious aim. 

The first soap kettles were of ca*t iron, of small capacity afid fire- 
healed. The mam^acture of sheet steel admitted of lighter con¬ 
struction and greater ca])acily. The conlc‘m])oraneous introduction 
of steam as a lu^iling ageijt,g^re the soa]) inrlustry a great impetus 
in the direction of the use of mec'iiariicai apjiiiances. I'lie rotary 
pum]) dis])laced the bucket and dipper, and the mechanical mixer 
the hand crutch. 

' krames of cast iron of greater capacity and iiortability disjilaced 
the sectional an(f detachable. boxes of woofl. Lighter and tighter 
frames of sheet steel marked an ecpial im])rovement over those of 
cast iron. The jirimitive method of slabbing by hand gave way 
1 o the time-saving slablier, which, though yet ojierated by hand, 
was a great imjirovement. The simjile jirinciple of the cutting- 
table restricted imjirovement to mechanical construction. 'Fhc 
early foot ])ress admitted of little essential improvement, which was 
soon sup])lied. As individual establishments grew in size, notably 
in Cincinnati, New York, Boston, Bhiladelphia, Balliniore, Detroit, 
Buffalo, Pittsburg, Zanesville, Chicago, and St. Louis, conditions 
rt(iuisile for the introduction of labor-saving machinery, viz., to 
assist in producing a larger out])Ut which can find a tolerably steady 
market, soon obtained. Boston, Buffalo and Brooklyn were the early 
centers of soap machinery manufacture and have letained their 
preeminence, although the manufacture of mills and plodders was 
early undertaken in Philadelphia, which was the birthjilace of the 
milled-soa]) industry in the United Stales. Detroit, Pittsburg and 
Chester of nrent years have assumed the jirominence that has 
declined in Boston as a center for the manufacture of automatic soap- 
machinery, although in the latter city was the first com])lete line 

of automatic machinerv offered to the soap industrv. it incliuled 

* 

a slabber, a cutting table, and pn-ss, all of sujierior con.slructi^n , 
and recognized efficiency. . 
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Milled soap acquired no piominencc as a domestic product until 
after the Civil War, wh'en the construction of the continuous helical 
plodder permitted a larger out])Ut than wa^ possible with the hy- 
araulic device previously in use. For the development of the milled- 
soai) industr}’ the reader is referred to the'' section devoted to that 
subject. “ 

With the increasing jiromine'nce of trade-marks greater atten¬ 
tion was directed to the appearane'e of the jiroch’d. The first brand 
to ac(|uire general jwominence was the “German Detersive” of 
Jessie Oakley of Newburgh, N. Y. 'Th\s was a cut pound bar, of a 
shiljie common in the early daysf but now little seen, and was wrapped 
by the manufacturer, or the wrajipers were left loose in the top of 
each box. Tin’s form was a great advance over the method of 
sui)]}lying the grocer with large blocks of soap, from which it was 
cut as desired by the consumer. With the introduction by Babbitt 
of the cushion-shafied jiressed bar the jjrc-sent characteristics of 
the soap industry were inaugurated. The stam])ing and wrapping 
of soap soon became general, in whicli connection is noteworthy 
the jirogress in die-construction and engraving. 'J'he multiplication 
of foot presses in large plants, with its incident disadvantages, 
encouraged mechanical ingenuity to develop the aulomtic press, 
which device has in very recent lime been supjileniented by the 
automatic soai)-wrapping machine. In the manufacture of soap 
of low moi^ture content the practicability of substituting a continu- 
• ous proci'.^s for the laborious procedure, mechanical devices, and 
time consumed between the crutcher and the pre-.-;, has been .suc¬ 
cessfully demonstrated. The apparatus, the pro{luct of which is 
a milled soap of firm texture and high durability, has not as yet 
been applied to laundry soap-manufacture. 

James Pyle was not only the first manufacturer of soap-powder 
in the United States, but as well the first general adverti.ser of note 
in the soap industry. Present-rlay .soa]) advertising had its incep¬ 
tion in Ih’le's yielding to the persuasion of Horace Greeley to ad- 
verti.se in the 'J'rihunc. It is related that Greeley had .sought for 
some time to secure an advertisement from Pyle. Finally he is 
I reported to have saifl in suljstance: “Here is the rate-card. U.se 
whatever space you wish ior one year. If at the end of that time 
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you find that it has paid to advcrti|p, you may pay for whatever 
space you have used. If it hasn’t paid, you need not pay.” Sub¬ 
sequent events are eloflfuent of the confidence that each man had 
in the value of liis respective tommodily. 

The last fifteen year* are notable for the growth of soap-manu- 
ufacture in the •West, and pVticularly as an allied interest of the 
packing *ind provision industr}'. Jjikewise in the South, a tmitory 
at one time the common marked of Eastern manufacturers, the soap 
industry has grown apace with the establishment at large industrial 
centers of Dumejous prosjieplls concerns. 

'I'o close observers of condition;^; in the fat and oil industries, 
and to those in particular who can see the logical sequence of events 
from ])rimitive conditions, when soap- and candle-making had barely 
•emerged from the status of a household industry and when lard-making 
carried with it rR) imyiort that it would ever rise above the indus¬ 
trial level of a by-product of the farm, it is ajiparent that a new 
era^ more or less sharply differentiated from the old, is disclosed. 

The line of demarcation, roughly but yet distinctly separating 
the old era from the new, is found in the order of their logical setjuence 
and industrial relation, in the growth of pork- and beef-packing on a 
large scale, with the important features of artificial refrigeration 
and the utilization of waste jiroducts, the development of the alkali 
industry, the raiiid growth of the cottonseed-oil industry, and the 
introduction among soap-manufacturers of the Jobbins and Van 
Ruymbeke process for the recovery of glycerin from waste soap- 
lye. Stimuli from without have not been lacking, chielly among 
which are to be noted the advance in cheap and accessible trans- 
jiortation, on both land and sea, and what is most important, the 
social progress of the American people, which has expressed itself 
in an economic sense, in the vast increase of pcr-capita purchasing 
power. All industries in the United States have shared the same 
growth, and without doubt for each one can be noted an old era 
and a new one, dilTerentialed chiefly by the application of the results 
01 inventive ingenuity and the higher standard of executive intelli¬ 
gence following naturally as effect from cause. The growth of 
technical education as a business enterprise is a result of action ^ 
and reaction, of supply and demand, operating between rapidly 
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developing industries based upon scientific principles and of properly 
trained men demanded for their management. Confining our ob¬ 
servations to the soap industry, it is apparent to every one that the 
first practical influence emanating from the source just stated arose 
from the general introduction of the Van Ruymbeke jiatents. While 
this factor not only brought a new class of inen fnto the industry, 
it did what was more importaiV.: it raised the technical standard 


of executive men tlien in the industiy. The point, however, to be 
noted in this connection is this, viz., that there is a different class 


of men in the soap industry to-day tlKUi there was thirty or as early 
as .twenty years ago; and this jthange in the ])ersonnel of executive 
men is a direct reflection of the advanced social and industrial con¬ 


ditions of the period ju.st noted. 

Historically considered, the two great epochal events in soaj)- 
.manufacture are the discovery of the Le Blanc pr icess of soda-ash 
manufacture, whereliy the industry was provided with the raw 
material of caustic soda of a jiurily and cheapne.ss unknown before, 
and the discovery and ajiplication of a jiractical process for the 


recover}’ of glycerin. 

For the former we are indebted to the inventive stimulus born 


of a great national necessity, aided by an alluring government prize 
during the early Napoleonic regime in France. 

No invention is born in a night, or springs full-fledged, Minei ca- 


like, from the head of Jove. I’he successful and jiraclical form 
of an invention is the culmination of long continued effort on the 


part of many men. The Le Blanc process was originally so efficient 
that it has undergone no change from the form outlined by the in¬ 
ventor. Le Blanc wrested soda from refractory salt and gave it in 
its most active form to the industrial world. 


k'or glycerin discovery we are indebted first to Chevreul, for it is 
due to him that soap-makers were first made aware of the \ aluable 
body present in a waste product of their art. 

Glycerin, for many years, was made* by decomjiosing fats, which 
process is now superseded by the process of recovering the glycerin 
and .salt from the spent soap-lyes, the first United States letters 
patent for such a jirocess being granted in 1870. 

It is not our intention at this jilace to dwell upon the efforts 
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that have been made* commercially recover glycerin from waste 
soap-lyc. This history is written in patent specifications, each one 
introducing an idea qf employing a mechanical principle that 
escaped a predecessor, and v^ich brought the successive jjrocess 
a step nearer to commei^ial success, but the [irocedure of recovery 
was not greatly iijfproved untiPthc processes of Joseph Van Ruymbeke, 
as disclosed in United States Lettei^ Patent issued to Jobbinsi& Van 
Ruymbeke. ^ * 

These patented jirocesses, now in general use throughout the 
world, represent^the culminatJ^—literally the survival of the fittest 
—in the strife of competing processes^for the recover}’ of this valuable 
body. Whil(‘ this method of glycerin recovery in its outlines rejire- 
senls the maximum simjdicity of jirocedure, it cannot be said that 
•inventive ingenuity as regards aj)])aratus never will supplant it. 

The purification of w’aste lye, the concentration of the dilute 
purified liquor, with the ready separation of salt available for re¬ 
peated use, and the distillation of the concentrated product, by 
means of apparatus of vaiy ing capacity and completeness according 
to the requirements of a given factory, constitute a proce.ss that 
is recognizi'd as the best wherever soap is made and glycerin re¬ 
covered. 

Tt is unlikely that any general proc(‘.ss ever will supplant the 
jiriTcedure of glycerin n'cover}’ that has been outlined, in connectifin 
with which the use of the a})paratus referred to is an exclusive 
privilege. 

'I'he use of devices of different construction to effect the concen¬ 
tration of the jiurilied waste lye and the distillation of the concen¬ 
trated ])roduet in nowise is jirohibited. Recent years have witnessed 
the successful apjilication (»f such devices, notably those of (iarrigues, 
whose ideas, likewise jirotected by jiatent, a])ply to the general 
process of glycerin reco^Try, embracing the ])urification of the waste 
lye, the concentration of the purified liquor, and the distillation of the 
concentrated ])roduct by a process and with ajiiiaratus devi.sed by him. 

The general jiroblem of glycerin recover}^ as it now confronts 
the soaj) manufacturer, dis]ilays an aspect which heretofore has been 
absent, viz., the privilege of selection on the part of the .soap-nfanu- 
facturer. 
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The last twenty years in the United Sta'ics have witnessed a 
revolution in the management of the i)r()(luetive forces of industry. 
The development of the natural resources^ of a ^■irgin continent 
resulted in a stupendous growlli of tlv»“ social power of consumption, 
^lanufactures incrc'ased with unparalleled rapidity. It was in¬ 
evitable that the resources of supply would surj)as«l.thc ])ossil)ilities 
of domestic consumption. The .’*eadjustment called for the highe.st 
acuiTK'n of modern business. The ^jast era has bc'en one of ex¬ 
perimentation with the most potent forces of m'oclern society which 
in their extent and jK)tentiaiity weref imdreamed of before. These 
economic forces have l)een exercised along the line of natural 1 iw 
and have n'sulted in many lines of industry in the unilication» of 
executive control. The condition that has set these forces in opera¬ 
tion is rompdilion, and in no industry has it l)een keener tlian in 
the manufacture and sale of soap; but tliere is no iedustry on which 
these forces have left their im])ress so feebly. 

In many industries producing commodities of general demand 
wc find a large increase in the volume of outjiut from a re luci'd 
number of ])roducti\e units; evidence of the })lay of co' ])er.ilive 
effort in manufacture with a consequent reduction of the c-vils in¬ 
cident to a regime of relentle.ss comjielition. 

In j86o there were 530 establishments (‘Ugaged in the manufacture 
of soap and candles; in 1870 there were ()i4; in 1880 there were 
62(); in 1890 there were 57S; in iqoo there were 558. The diminu¬ 
tion in the number of ]woduclive concerns ari.ses from the dro])])ing 
out of the ranks of those least fitted to survive and not fro n any 
combination of the jiersistent. The inlluences of the sjiirit of (om- 
bination in the .soap indu.stry are found in the elTorts of the jiromi- 
nent concerns to be self-sufficient and a unit unto them.selves. \Vt‘ 
find this inlluence strongest in the jiacking and jirovision industry, 
where, it is true, soa]) i.s a secondary jiroduct in the slaughtering 
of cattle and the utilization of their by jiroducts. .\rnong large 
soap manufacturers we find the ab.sorption of allied industries as 
box-manufacture, jirinting, caustic soda manufacture, the jiroduc- 
lion and refining of cocoanut- and cotlon.seed-oils, and the rendering 
of tallow. In the South soap-manufacture has been allied with the 
production of cottonseed-oil. 
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Instead of combination among.soap-manufacturcrs wefind, there¬ 
fore, a marked tendency towards self-sfin'icienl’ in*clcpenclence among 
the productive units and the localization of their markets. The 
result of such a tendency will be a reduction in the number of con¬ 
cerns by the more severe but none the less natural j)rocess of the 
elimination of the i'conomicalljr unfit. 

But wj;iy has this process of prioress been apparently decreed 
instead of the more economically^ humane method of combination? 
An answer must be Jlbught in a consideration of the nature of the 
industry. As has been demonstrated, the most favorable conditions 
for the attainmenf of cooi)t*r!ltive control of production in any in¬ 
dustry consist in the control of the sources of the raw material of 
the industry and of tlie means of transjiortation; in fact these con¬ 
ditions to a high degree are essential. 

The chief raw material 'of soap manufacture is o]:)tainablc wherever 
meat is eaten. Substitutes are- numerous and almost equally' <lis- 
seminated. Soap making is a comjianitively simple art, and neces- 
s:iry mechanical eijuijiment for manufacture can be easily ])rocured. 
Tlie^e conditions are inconsistent with elTective combination of jiro- 
ductive effort. The market exists wherever the comfort and neces¬ 
sity of (leanliness arc ajijireciated. A study of the application of 
the science of advertising to the .selling of .soap in connection with 
tne subject of projierty rights in trade-marks shimld not be omitted 
in any general consideration of the soap industry. It Is of great 
Iiortent in the development of that kind of centralization which is 
peculiar to the industry. These simple, basic characteristics suthcc 
lo explain the economic conditions in the soap industry to day. 
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INTRODUCTION. 


SoAP-MANUFACTFRE is a chcmiful industr}’. In the various man- 
iifacturinjr processes C()Tn])oiin(ls aYe m'd which* re])resent broadly 
and strikin<,dy the Iwo grancJ divisions of the science of chemistry, 
viz., organic and inorganic chemistr\’. In fats and oils which re¬ 
ceive, in the industry, the generic title of soap-stoc'k are compounds 
which in their formation either in animal or ])lant are directlv asso¬ 
ciated with vital activity. It is this characteilstic that is funda¬ 
mental with the bewildering multi])licity of compounds whose study 
constitutes organic chcmistr}\ In the alkalis with which we are 
familiar, as caustic soda and soda-ash, are comj)ounds of mineral 
origin, obtained primarily from common salt, which lie at the ba.sis 
of our industrial civilization. 

As .soaj)-manufacture is so particularly a chemical industry, we 
cannot ex])eit to attain to a thorough understanding of the art unle.ss 
we familiarize ourselves, to some degree, not only with the formation 
of the bodies with which we work, but with their chemical j)eculiari- 
tics as well. 

Chemistry teaches us that material nature is made up of .simjde 
elements which, in their combination in various jiroportions, con¬ 
stitute those bodies that are evident to our senses. Carbon, hvdro- 
gen, and oxygen are the three (‘lements forming fats and oils,' and 
if the soap-stock is pure they are the only elements that are jiresent. 

On the inorganic side we have the .strongly basic element of 
sodium, which, in combination with oxygen and hydrogem to form 
the caustic alkali, or wdth carbon and oxygen to form the carbonated 
alkali, or with chlorine to form common salt, constitutes the essen¬ 
tial inorganic raw material. In the following table is .showm the 
chemical relation of the compounds w^hich in their mixtures form 
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fats and oils. There are also included certain quantitative char¬ 
acteristics which make chemistry an exact science. Soap chemistry 
on the organic side consists of the study of the chemical and physical 
properties of the compounds r§presentcd here. 

There is no chemical* distinction between a fat and an oil. The 
terms fat and oil as commonly used have reference to a physical 
state. By a fat is commonly understood a mixture of those gly¬ 
cerides that have a golid or semi-solid consistency at ordinary tem¬ 
perature and is usually of animal origin. An oil is usually liquid 
at ordinary temaprature, aJjLjjohgh there arc exceptions, and is either 
of animal or vegetable origin. Araong the various fats and oils 
used in soap manufacture, in a fat the glyceride stearin predomi¬ 
nates; in an oil, the glyceride olein. In fats and oils of vegetable 
•origin wc find mixtures of. the same glycerides that constitute animal 
fats. They possess the same chemical characteristics and are formed 
from the j)roducts of jilant absorption under the influence of the 
same vital force. Paparelli, writing on the formation of the olive 
und its fatly substance, says: 

“The pit is formed first, and increases raj)idly in volume; and 
when it reaches its maximum weight the development of the flesh 
begins. 

“The most important transformations which occur during the 
rij)t1hing of the olives are those that take place in the formation of 
the fatty substance in the flesh of the fruit. 

“Although we do not yet know positively what substances are 
transformed into oil, nor the manner of this transformation, still 
we do know something of great utility in jiractical olive-culture, viz., 
the importance of the T)resencc in the soil of alkali jihosphates, potash, 
and lime for the formation of the oil in the olives; while nitrogen 
seems to favor especially the production of the wood and the forma¬ 
tion of the pit. 

“We know also that other conditions affect the formation and 
the quality of the oil, such as the location and the nature of the 
soil, climatic influences, olive varieties, the method of culture, the 
degree of maturity, and the composition of the fruit. . 

“Upon this subject 1 will only say that the quality and par-* 
ticularly the quantity .of the oil depends especially upon the magner 
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I.—S^\TURATED FATTY ACTDS OF THE 


Acid. 

Formula. 

Miilce- 

uliir 

WeiKlit. 

IVr Cfnt 
NaOM 
Absorbed 

Corrt-spcindinK 

tllyei-nde. 

Formic 

IICOOH 

46 

SO. ()0 

Formin 

Acetic 

CH^COOII 

(o 

66.67 

Acetin 

Propionic 

C..H,COOII 

74 

54 • 06 

Projuonin 

Butyric 

C,H,C( )OH 

8S 

4.S - 'f.'i 

Butyrin 

Valeric 

C,H„t'0()H- 

102 

30.2 2 

Vale, in 

Caproic 

C,H„COOH 

I16 

34 48 

Caproin 

(Kn.inthvlic 

C„H,.,COOH 

LSO 

30.77 

(Enanth vlin 

Caprylic 

C-H,, COOH 

144 

27.77 

Caprylin 

Perlargonic 

(:,H,-C()on 

15S 

2.S31 

I’erlargonin 

Capric 

C„H,., COOH 

. 172 

23.26 

Caprin 

lindecvlic 

C,JI..,-CO()H 

21.^1 

l'iulec\ lin 

Laurie 

C„H,TCOeH 

200 

20.00 

Laurin 

Tridec^ lie 

C,..II.,.-C( )OH 

1 

iS 27 

Trideevlin 

Myristic 

C,.,H,-COOH 

228 

17 55 

Myristin 

Peiitadecatoic 

C,,1I.,., C< )()H 

-0-’ 

Jb.53 

Pentadec atoin 

Palmitic 

C,,H.„COOH 

256 

15-63 

Palmitin 

Daturic 

C,„Il.,-C'<)OH 

270 

14.Si 

Daturin 

Stearic 

C,-H,.COOH 

284 

14 09 

Stearin 

NoiTtiecvlic 

c,di,-rooii 

2C»S 

1.3 4.3 

Nondei \ lin 

Aral hidic 

C,.,H,„-COOH 


I 2 . S2 

.\rachidin 

Medullic 

C,.„H^,-C( )()H 

o-b 

1 2.2S 

Medullin 

Bi-henic 

C,.,Il,.,CO()M 

.s40 

11 7T 

Behenin 

Carnaubic 

Hyauiic 

('erotic 

C,,1I.,-C( )01I 

tbS 

10 87 


(’‘jl’)()1I 

vS-’ 

10 47 
y. 76 


C‘’lT.,-C( )OH 

4 JO 


Melissic 

(',., 11 ,.,coon 

4 .s 2 

S S5 



UNS.\TrR.\TKI) F.VTTY ACIDS OF THE OLEIC 

.\crvlic 

C.,H,-COOH 

7-’ 

55 5 > 


Crotonic 

('.,H,(:ooii 

.so 

•lb 51 


(i) .\ngelic, {2) Tiglic 

C.lLCt )OH 

100 

^0 00 


11 vj)og.eic 

(',,ii.„(;( )oii 

2s t 

13 7.3 

, . . 

Oleic 

C,-H.„COOH 

282 

14 19 

Olein 

iws.vri’R.vrKi) f.\ttv acids of tiik lixoi.ic 

F.heornargaric 

('„H,„-C'OOFf 

2 OO 

>.3 0) 

I‘'.l;efima rgarin 

Lint)Iic 

C,,H.„-(’( JOII 

2<So 

74 

1, inolein 

ITNSA'l'i: R.\tt:d fatty 

A('1DS 

OF THE LL\(JLE\I(’ 

Linolenic 

C,,11.,.-COOH 

27S 

14.40 

Linolenin 

U.XSATUR \TF.I) F \TTY 

A('IDS OF Till' 

RE('l.\OLElC 

Recinoleic 

C„H3,0HC00H 

2q8 

13 43 

Recinolein 


A. Add occurs niiturally in bodies of ants, in the stinf'iriff pine, and in certain nettles. 
Ji. Orturs naturally only in slight fiuantities in the oil of Enonymus JLumptrus'. 

C. In cows’ butter. 

D. The atid ociurs in animal and vegetable king<]om.s both free and as an ester. 

10. In cows’ butter, cocoanut- and palm-kernel oils. 

F. In cows’ butter, cocoanut- and palm-kernel oils. 

G. The aiid occurs naturally in the leaves of Prrltir^tniiiiin rosenm. 

H. In cows’ butter, cocoanut- and palm-kernel oils. 

I. In laurel, cocoanut- and palm-kernel oils and in spermaceti. 

J. °In Muscat butter, spermaceti, cocoanut- and palm-kernel oils. 

K. Associated with stearin and olein in most animal and vegetable solid and 

liquid fats. 

L. (Lccurs in oil of seeds of thorn-apple, Dutiira stramonium. 

M. See Palmitin. 

N. Characteristic glyceride cjf jieanut-oil. 

O. Medullic acid (Thummel, Her. ’yo) i-, a mixture of palmitic and stearic acids. 
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ACETIC SERIES. GENERAL EORMIT^ CnHs^+il^OOH. 





• 


Nalurul 


Miilc'i-ular 
• Wetjcht. 

Per Cent 

Per 0*1 it 

Per Cent 

Snuree. 


NaOH 

Glveerol 

Faltv Ac-icis 

(Sec* 

1 

Alisfirln'd. 

Set Free. 

Set Frc'i-. 

helnw.) 

C,H,( 0 *HCX)\, 

i 7 f) 

6S 1C) 

52.28 

78.41 

A 

C,H,( 0 *CH.,GO), 

• 2 1S 

.':.s 04 

42.20 

82.5b 

B 

(\H,( 0 .t',H.CO), 

2(Sb 

4 f) 15 

3 ."; ■ 3 « 

86.14 

C 

c;H.,(o-r?i„(X)), 

302 

39-74 

30-47 

87.42 

C 

344 

#4 «8 

26 74 

88 04 

• D 

C:,H,(OC,,H„CO), 

386 • 

31 09 

23 83 

90 16 

E 

C,H,fO*C',.H,.,CO), , 

42S 

28 04 

21.50 

01-14 


C,H,( 0 -C,H,,C 0)3 

470 

25 54 

10 57 

91.91 

F 

C\H,(f)*C\lI,A' 0)3 


23 44 

17 «17 

02.58 

G 

C 3 H„fO C..H,.,CO )3 , 


21 66 

16.61 

93 13 

H 

t\IL.{ 0 -(’,„H..,(' 0 l 3 * 

•^6 

20 14 

ci 44 

03 b 3 


C.,H,(OC„H.-;,CO),, 

638 

81 

14 42 

94 06 

r 

c\n,(o-t',.,n 2 ,(X))., 

c;Hdo c,.;h..,co)., 

bSo 

0 <'3 

'3 ,'i 3 

01-41 


722 

16 63 

12.75 

94 75 

J 

(\IL,( 0 *C'hH„.,(’ 0 ), 

,c;,h;,(o*c,,h;co),, 

7 ().| 

'.'i 70 

1 2 04 

05 1 1 


806 

14.89 

11 41 

95-30 

K 

C.Jb,fO-(',Jl 3 /X))., 

C 3 H ;(0 C,,H 3 ,C 0 ), • 

SiS 

14.1 (» 

10 8:; 

O';-52 

L 

890 

13 48 

10 34 

95 72 

M 

G:,Il,,(0*(',s>l.,7('<>i.-. 

032 

12 87 

0 87 

Os 0-’ 


(\,H,,.(0*(',.,H3..('0)., 

071 

12.32 

on 

C)b 10 

N 

('.,n,(o.t’..„n„c'o)3 

loib 

11 Si 

C) ob 

c)b 27 

0 

t M 1,(0 11,., CO )3 

I O'S 

1 ■ • 34 

8 bc) 

Ob 40 

V 

<.) 

R 

S 


1 





i 

1 

1 



T 


• • I 

SERIES. (JE.NERAL FORMCLA -,(V)()1I. 


IT 

W 


(\H,(0-r„iL.,co), 

800 

1 =J 00 i 

11.40 

05 2 b 

1 ^ 

C,H,fOC„H,,CO), 

884 

13 57 

10 41 

95-70 

1 Y 

SERJl'S. GENERAL FORMI LA ('„ 

JTon-iCOOH. 



C,M,(f>-(',JL..(X)), 

btS 

1 i-.u: 

1 r 01 1 

05-45 

Z 

(\ii,(0.c„rv'(»:, 

878 

13 f'7 

10..|8 

05 - 68 

AA 

SERIES. (JENERAJ. FORMCl.A C,. 

Ilsn .*.COOII. 



c,ii,(o-c,,H,.,ro).^ 

1 J^ 7 -’ ! 

1 13 ■ 7^1 1 

1 lo-.'i.'; 1 

1 05-56 

1 BB 

S1:RTES. (iENERAT. FORMULA C» 

ll 2 n-?('OOII. 



C,H,f0C„H.,,-0HC0), 1 

1 932 1 

12 87 

1 9 87 1 

1 95 92 

1 


1 *. Chiirartcri'^tic' gly( criclc of oil of brn. 

Occurs :i.s an ether in carnauba wax. 

R. The acid 01 curs in the anal glandular pouches of the striped hyena. 

S. The acid occurs in beeswax and in carnauba wax. 

T. The acid occur.-, in bc-eswa\. 

I’. Oxidation product of acrolein. 

V. Occurs with i.soc ratonic acid in crude pyrolignc-cms acid. 

\\’. Angelic- acid is jjrc-sent in angelica-rcK)l. Tiglic acid cHcurs as a glyceride in 
cR)lon-oil. 

X pR-.senl as a glyceride* in yteanut-oil. 

Y. The characteristic constituent of liquid fats. See Palmitin. 

Z. Occurs as a glyceride- in japane.se -wool-oil. 

A.\. Occurs as a glyceride in drying-oils. 

BB. Occurs as a glyceride in drying-oils, notably lin.seed-oil, 

CC* Characteristic glyceride of castor-oij. 











l6 AMERICAN SOAPS, CANDLES, AND GLYCERIN. 

in which the olive h cultivated—^something requiring the greatest 
care.” 

Although the oil of the cottonseed and the peanut forms a struc¬ 
tural part of the seed and does not constitute the fleshy portion of 
the envelope of the seed, as docs oli\;c-oil" the same remarks as 
to conditions affecting the formation of the oil 5 ,rc directly ap¬ 
plicable. 

Fats and oils arc therefore indefinite mixli^fcs of various glyc¬ 
erides whose chemical characteristic?^ and the proportions in which 
they occur in the natural source det6rrrY'»rc the nalare of the fat or 
oil. It will be evident that irf order to understand the character 
of any fat or oil and its technical application, or in particular its’ 
applicability to soap-manufacture, we should be familiar with the 
chemical properties of its ingredients. Table I is composed of 
oxygenated compounds the formation of which can be traced from 
corresponding sim])lc hydrocarbons. These series of hydro¬ 
carbons are termed homologous, i.e., there is a definite gradation in 
composition and in chemical and physical ])rojierties. This homolo¬ 
gous character is retained in the oxygenated derivatives; for instance, 
formic acid is a ver}' volatile liquid, boiling at y8° C.; acetic acid 
boils at 118° C. The comjflexity of the acid molecule increases 
as we ascend the series, and from fatty acids that are resj)ectively 
licjuid, oily, and of semi-solid consistency at ordinary temperature 
we reach those that are solid. The lower compounds of these 
homologous scries are more active chemically tlian the higher 
ones and are more stable, as a result of their simjfler constitu¬ 
tion. 

The higher compounds are of complex comj)osition, of indifferent 
chemical activity, and are easily (lecomj)osed, breaking down under 
the action of heat into acids of simi)ler constitution, as in the develof)- 
ment of rancidity, and of hydrocarbons, as in the formation of i)itch 
in the distillation of fatty acids. 

It will be noted that as the molecular weight of the fatty acids 
increases, the percentage of caustic sexJa required for saturation 
diminishes. This fact is likewise true of the corresj)onding glycerides 
shown in the adjoining column. A glyceride is a .salt analogous 
tp thfe salts of inorganic chemistry in that it is the result of the com- 
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bination of an acid and a base. It is#possible to form a glyceride 
in accordance with the following reaction: 

Stearic acid + Glycerol Stearin 4-Water. 

C 17 H 35 COOH + C3H5^0H)3 = C 3 H 5(0 • Ci7H3flCO)3 + 3H,0. 

The glyceride, acclm, is lormcd practically in the determination of 
glycerol in crude glycerin. Glycerides, however, are formed by nature 
by a process that the* chemist is unable to trace. Corresjionding 
with the decreased percentage •Absorption of caustic soda as the 
molecular weight of the glyceride increases, is the increased per¬ 
centage of fatty acids set free on saponification with water, i.e., 
hydrolysis. Likewise with the increased yield of fatty acids by 
hydrolysis as the molecular weight increases, is the reduced per¬ 
centage of glycerol. These tabulated facts have an important bear¬ 
ing in the manufacture of candle-stock and in the recovery of glycerin 
from waste lye in soap-manufacture. 

'I'hc chief characteristic of normal soap-stock, with which the 
soa])-maker is especially interested, is the percentage of alkali 
absorbed. The percentage absorption of alkali of various grades 
by the dilTercnt stocks most commonly employed in American prac¬ 
tice is shown in the following table: 


TABLE TI. POUNDS OF CAUSTIC SODA OF DIFFERENT ORADES 
REQUIRED TO SAPONIFY 100 POCNDS OF STOCK. 


Suap-stni'k. 

77 i IVr Cent. 

76 Per Cent. 

74 I’er Cent. 

Tallow. 

13 7 -i-l -' 

'3 Q 7 -J 4-37 

i 4 . 3 ,‘?-I 4 77 

Cotton-oil. 

- 14 

13.S7-14.28 

U 24-14 67 

('ocoanut-oil. 

17-5 -« 7-7 

17 84-18 05 

18.32-18.54 

Olive-oil. 

13.6 -14 

13.87-14.28 

14 24-14.67 

Palm-kernel oil. 

US 7 -' 7-7 

1(1.01-18.05 

16 44-18.04 

Palm-oil. 

14 -14 4 

1 14.28-14.6<) 

14.67-15.09 

Rosin. 

• 12.I -14 

12.34-14.28 

12.68-14.67 


7 2 Per Cent. 

70 Per Cent. 

i 60 Per Cent. 

Tallow. 

14.74-15.iS 

Lv 17 -Lv 62 

17.70-18.22 

Cotton-oil. 

14.64-15.07 

15 10-15.50 

17.57-18.09 

Cocoanut-oil. 

jS.84-19 10 

19.37-19.60 

a."*. 61-22.88 

Olive-oil. 

14.64-15.07 

' 5 -ic>“J 3 - 5 o 

17.57-18.OQ 

Palm-kernel oil. 

16.90-iQ.10 

17.39-19.(10 

16 12-22 88 

Palm-oil. 

i.':-o 7 -i 5 - 5 o 

15.50-15.95 

18.09-18. CA 

Rosin. 

J 3 0 . 3 -U >-07 j 

1 lc>-i5.5o 

1 

16 -18.09 
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The variation in the amcf-ant of alkali absorl)C(l l)y dilTcrcnt fats 
and oils, likewise the variation in the amount of alkali absorbed 
bv anv particular fat or oil, arises from dflferences in the composi¬ 
tion of the glycerides themselves, i!nd from the varying proj)ortions 
in which tlie glvcerides occur in apy jkirticular sam])le. As we 
know that fats and oils are indefinite mixtiiRs of Various ^glycerides, 
the amount of alkali absorlx'A isjntluenced by the nature of the 
glycerides characteristic of the stoc'k. The amount of alkali 
rc'quired for neutralizati(>n decreases as the molecular weight of the 
glyceride increases, hence we find' thuU those commercial fats and 
oils in which glycerides of Icf.v molecular weight occur ]K)Ssess the 
highest alkali absorjition. The increased cjiiantity of salt reipiired 
for graining such stock is due to the jiresence of those glycerides of 
low molecular weight, whose greater solubility in brim- of the soflium 
salt is a marked characteristic. As the glyceridi*.? increase in molec¬ 
ular weight the soluliilitv in brine of the soap obtained therefrom 
diminishes, hence less salt is re(|uired for graining, 'rhe.se analogies 
are shown in the following table, wherein is also indicated the yield 
of anhydrous soaj' from the glycerides mentioned: 

TAliLE III_YIELD OK rRODU TS FR( )M J lJE COMMKRCI.M, 

glvci:rii)ES. 


V11 111 .III Sail.iTitii ati"ii "ii’i 111 "11 Salt.lint,' .iiinn 

Wall I. \Mili C.iiii'iii Si Ilia. 


Glycenilc ami ( lin i S. .iiri i s. 

U 
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Laurin, (iKdamil- and palm kt-r- 







, 
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net nils. . . 

(I’vS 

"t 

04 

14 4J 

S 4fi 

ji04 

!' ’ 

1-’, 

1 iS So 

Myristin, jialm-kcrml <jil .. 

7 -’-’ 

n-i 

47 

12 70 

7 >7 

I'o.s 1S7 

i I-’ 

701 

if> 1^7 

ralmitin, palm-oil and tallow. . . 

Sof) 


jS 

11 }i 

(i (H) 

:io .4 47 

M 

{■ 1 

I 1 SS 

Linolfiii, Jin^ccd-oil 

S7.S 


es 

10 4.S 

() Id 

104 Id 

ro 

4 S 

I 4 d7 

(llcin, olive- and ( ottonseed-oils. 

SS4 

<1:; 

70 

10 40 

d 10 

104 i(> 

10 

1 

4 ^ 

1 4 

Stearin, tallow and lard. . . 

Si>o 

, n 5 

7 .> 

JO ,41 

d 07 

'0.4 14 

JO 

.441 

J .4 4 ^ 

Re( inolein, tastor-oil. 



1)2 

(j SS 

So 

104 00 

d 

SS 

\j SS 

.\rathidin, peanut-oil. 

074 


10 

<) 44 

.=;-44 

1 

lOJ .1S7 

0 

44 

>- , 4 * 


In Table IV , compiled from various sources, are given the iut- 
fentages of caustic jtolash and caustic .soda rer^uired to .sajjonify 
the various fat.s and oils mentioned: 
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TABLI-: TV.--A1-KAM ABSORPMON Oi* FATS AND OILS. 



Per Cent 

Per C( nl 


Per Cent 

Per ('ent 

Fat iir Oil. 

KOil • 
Atisiirbed. 

NaOlI 
Absurl lei] 
__ 

Fat or Oil. 

ROB 

-Misiirbed. 

NaOll 
.\bsi irbed. 

Lanl-<)il. . .. 

l<) J-I() (> 

1.^ (.'14 

I’eaniit-oil 

k; I-K) (> 

> 3-<>-14 

.Mmoiid oil. 

U) 5-10 (1 

'3 'l>'-t 

('otlonseed-oil . 

H) 1 I() <) 

13 6 14 

.Si‘.sami‘-oiI. 

,'y -H) i 

■3 5-' 3-7 

I,inseed-<jil. 

US 7-i(> q 

•3 .t-14 

Rapf-oil.^. 

i 7 -<-r 7 » 

12 2-12 S 

Jlempsecfl-oi' . 

U() 3 

W 3 « 

Po|)])y.sml-oil . . . 

•< 1 - 3-10 .S 

13.S-J4 

alnul-oi!. 

' t() (> 

11 

NigtT-.scfd oil. . . 

iS f)-H) T 

'3 

Seal-oil. . 

iS () 10.6 

•3 .3-14 

Whale-oil. 

iS S*?2 4 

13.4-16 

J'or])oise'oil. . . . 

[21 ,() 

• 3-5 

Butler. 

22.1-2^ J 

1 .S-] 6. ^ 

Coioanul-oil . 

2 4 <)-26.S 

• 7 •3-' 7 • 7 

Palm kernel oil.. . 

22 -2f) 7 

'. 3 . 7-’»«7 

Lard-oil. 

1(J 2-|lJ.() 

13 - 7 -it 

Talhiw. 

,|().3-i(; S 


Bone-fat <ind ■'rea.se 

h() 1 i().7 

•3 ^*-14 

Sperm-oil. 

.<-• t 

S.S-io 

f'a^tor-oil. . 

' 1 7. ()-iS. 1 

'- . 3''3 

Palm-oil. 

i() 6-20 2 

14 -14 4 

(tid-oil. 

jiX- 5 -=i -3 

•3 2 - 1 , 3 -i 

Olive-oil. . 

,i(). I ■ i() f) 

= 3 '■>-•4 

Ko.sin. 

1 

;i 7 -If) 3 

12 1-14 


Wc seen that a glyceride.* is a rt‘j)rc‘sc*ntative of that class 

of liodics calk'd*salls, 'rho.se l);)dies are neutral in their character, 
being neithc-r acid nor alkaline. Stearin, for instance, is glyceryl 
stearate, C;{Hr,(() (llycerol doc*s not c'xist as .such in 

neutral glycc'rides, but is formc-d by the absorption of the elements 
of water in the i)rocess of .sajnmilication. 

'J'he term “.saynmificatioir’ a])j)lies to a vast number of chemical 
changes whc'reby a fatty acid, or similar body, is set fre-e and an 
alc'oholiform body producc'd. The saj)onifying agc'nt may be water, 
in which c*ase the acid body set free is a pure* fatty acid; if an alkali, 
the fatty acid is in combination with the* sajumifying agent and 
constitutes soaj). Whc'n the saponifying age-nt is water, the reaction 
is commonly called “ hydr.dysis.” 

Accurate knowk‘dge of the chemistry of sa])onificaticm date's 
only from 1813, at which time Chevreul determined the chemical 
constitution of fats and oils and'^the nature of the effects ])roducc'd 
ui)on them by alkalis. Che\'reul demonstrated that ordinary fats 
and oils arc chemical coni]) )unds consisting of a base, glycerol, and 
of different acids, termed generically “fatty acids,” but specifically 
.stearic, palmitic, and oleic, forming resi)ecti\i'ly, in combination 
with glycerol, the bodies, stearin, ])almitin, and olein. In a(|ue:)us 
sajionification, stearin, which may be taken as rejiresentativc of 
tallow, yields <15.73 ])cr cent of fatty acids and 10.34 jier cent bf 
glycerol, through the absorjjtion of 0.07 per cent of water. Chese 

<5t ‘as 04 
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numerical relations wKl be plaiAy evident from the following equa¬ 
tions and proi)ortions: 

Stearin'800). Water (54). Gl^'ecrol (qa). Stearic acid (852). 

CaHs'O • C, sHaoO)^ + 3H0O - C 3 H 5 (OH )3 + 3 Ci 8 H»c 02 . 

Stearin (890):glycerol (92): :ioo>v; 

( 

= 10.337+pcr cent, glycerol yielded. * 


Stearin (890):stearic acii?j(852);: 100 :a;; 
^=95*72 ptT cent, fatty acids viewed. 


This simple arithmetic lies at the foundation of the autoclave 
or digester processes for the manufacture of fatty acids for candle- 
stock. 3 n saponification with alkali, the latter remains in com¬ 
bination with the fatty acids and constitutes anhydrous soap. The 
percentage-absorption of alkali and yields of glycerol and anhydrous 
soap arc repre.sented as follows: 


Stranii (Sqo). CaiiMu ula f i Cilvccml fq;-). Anh. smlium Mi’.iratr (qi8). 

CsHsCO-CisHsoO), -i- 3Na()H - Cr.HolOH), -k 3 C,sH, 502 Na. 


Stearin f89o):anh. Xa stearate (918): ;ioo:.v; 


5^1=103.15 parts anh. Xa stearate from loo parts of .stearin. 


Stearin (890):caustic soda (120): : ioo ;. y ; 


a;= 13.49 per cent caustic soda refjuired for sajionification. 

Stearin (890)glycerol (92):: 100 :a:; 

5:= 10.337 })cr cent glycerol yielded. 

This simple arithmetic lies at the basis of the art of soap-boiling. 

liy reference to Table I it will be seen that by adding together 
the figures representing resjiectively the jiercentages of fatty acids 
set free and glycerol formed, and subtracting from this sum 100, 
the percentage of water absorbed in the hydrolysis of any gh’ceridc 
mentioned may be ascertained. 

Likewise in Table 111, by .subtracting 100 from thq amounts 
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of anhydrous soap and f^lyccrol form id from loo parts of the glyc¬ 
eride mentioned, the percentage of sodium hydrate absorbed in 
saponification may be learned. 

Soap, then, is simply a mixture of the alkali salts of the fatty 
acids, and the process o^ effecting combination is, in the language 
of the keltle-roofn, soi,p-boiling. 

The term “soap” admits of a Variety of applications. \^'e are 
concerned solely witli that alkali compound of the fatty acids which 
is soluble in water; but there ^s a number of other compounds of 
the fatly acids Viith heavy ^efarls which arc insoluble in water and 
which receive the name soap. Alumwmm soaj) is used as a thickener 
of lubricating-oils. C'onrady {A path. Zvit., 14, 767) recommends 
aluminum oleate ])repared by i)reci])itating dissolved aluminum sul- 
jdiate with common-soiip solution, with the addition of TO.30 per cent 
of j)etroleum, as if product of the consistency of vaseline suitable for 
impregnating leather. In)n and chromium soa])s are used in dyeing 
and color-printing. 'Phe “driers” of varnish-manufacture are the 
insoluble compounds of lead and manganese with lins('ed-oil. They 
are alsf) used in the manufacture of oihdoth, in waterproofing canvas, 
and in the })reparation of leather substitutes. Their chief char¬ 
acteristic is thc-ir insolubility in watc^, which effectually bars them 
from use as a detergent. 

According to the jmrpose for which the soap is intended, the 
numerous varieties found on the .Xmerican market may be divided 
into thr(‘{‘ general classes, viz.: 

Domestic soap—including all varieties of detergents having snaji 
as a base and used for domestic' or general cleansing ])iir])oses; 

Toilet-soaj)—iTicluding all variety of soaj) used for the toilet and 
bath; ^ 

Industrial soap— including all varieties of detergents having soap 
as a base and used in the laundry and textile industries. 

Soaj) as a cleansing agent is essentially a vehicle for the slow and 
I)rogre.ssive liberation of the cau.stic alkali which is present in a 
combined state in the neutral soap. In the discussion of the ])roj)er- 
ties of the fatty acids represented in Table I, we learned that fhe 
lower members of the series arc volatile and soluble in water anti 
that the solubility diminishes as the molecular weight increases, *intil 
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we reach complete imsolubilily^A’ilh stearic acid. 'J’hcsc same proper¬ 
ties hold for the correspondin*; soaps or alkali salts of the fatty acids. 
There has been no contribution of ecjual \alue to our knowledf^e 
of the chemistry of fatty bodies since'Xli^hevreurs investi‘j;ations during 
the earlv part of the last century. The lesulls of his researches, 
which were ])ublished in 1823,* still remaiw the* most important 
source of our knowledge of the 'cleansing action of soap. 

Until Chevreurs researches (j8i 1-1823) d ^Yas believed that soa]) 
consisted simply of a binary comjxmnd of fat and alkali. Claude J. 
GeolTrav in 1741 ])ointed out that tlie*“/4t ” or “ oiU’ recovered from 
soajj solutions by neutralizalion*vilh mineral acid dilTers from the orig¬ 
inal fatty subslance bv dissolving readilv in alcohol, which is not the 
case with ordinaiy fats and oils, d’he significance of this observation 
was overlooked, and equally unheeded was a no less imjiorlant dis¬ 
covery by Scheele in 1783, that fats and oils contaiti a sweet j)rinci|)le 
now known as glycerin. The discox cries of GeolTray and Scheek' 
formi-d the ba.sis of Chevreurs resi-arches, In' whidi he laid bare 
the constitution of fat.^ and oils and the triu' nature of soa]). 

The elTectiw action of soap is based on its employment in a stale 


of acjiieous solution. As KralTt and Stern have demonstrated—in 
harmony with the vivws of Clievreul —soa]), whvn brought into con¬ 
tact with water, under suitalile conditions of concentration and tem¬ 
perature, is decom])o.sed into free fatty acids and free alkali* in 
addition to which a ])ortion of still unaltered soa]) ])asses into solu¬ 
tion. On cooling, the free fatty acids unite with the dissolved soaj), 
hot solutions ])roducing a somewhat insolu])le acid fatty-acid salt, 
while conversely, if cold water had been used in dissolving, the 
latter is left behind from the outset. These facts are the outcome 


of ex])eriments conducted by RralTt with chemically ])ure alkali 
salts of the high molecular fatty acids ])resent, in the form of glyc¬ 
erides, in fats and oils, d'he decom]K)sition of soa]) into basic and 
acid soa])s on contact wdth w'ater, as re])orted by Rotondi, Fricke, 
and others, does not actually occur; and the view's held on this 
mattcT by those w'orker.s are e.\i)lained by KralTt, by the simj)le 
cir(;.umstance that neutral alkali oleate, unlike the corres]>onding 



*Ri‘chinhes chitmiiut-b sur K--, corps nr;is d'origiiic aniiualc, (Rcpulclishnl in 
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palmilatcs and slcara'lcs, arc ])iU sh^bily (lcc()nij)()sablc by water 
Hence, in case of the commercial soai)s, which trenerally contain 
all three classes of compounds, the cold-water I'xtract will be found 
to contain neutral oleates and ^ree alkali—formin.i^ the hyi)othetical 
basic fatty-acid salt wlijle the free fatty acids constitute, with the 
neutral salts of Jhe solid fafly acids, the insoluble constituents of 
the soap! Thus, in washing with.soaj), four factors come^under 
consideration: first, the free afkali; secondly, the fre-e fatty acid; 
thirdlj, the dissolvetf neutral fatty-acid salts; and lastly, the acid 
fatty-acid compound formetHsi’*contact with the free fatty acid. 

If it is ])ermissible to re<>;ard the oj^eration of washin^i^ as a procc’ss 
of emulsifyini^ the fats which everywhere are the cause of adherent 
dirt, and which are thus forced into combination and thereby re¬ 
mold, this obj('ct can l)e satisfactorily attained by means of the 
four factors above^referred to, in conjunction with water and mechani¬ 
cal motion—rubbing, beatin;;;, rinsin.i^. In the first ])lace the hij^h 
moistenin'^ capacity of tin* soa]) solution—which jiowi'r is jirobably 
attributable to traci-s of eliminated alkali -facilitates penetration 
. into the material to be waslied, drixini^ out the air and gainini^ access 
to the ij;reasy dirt. The task of rem )vin:^ the latter is shared by the 
iindecomj)osed, neutral, fatty acid salts which emulsify the fat, and 
by the acid fatty acid salts—the lather- -which then enveloj) the no 
longer coherent jiarlithNof dirt, kee])them in suspension, and enable 
them to be .<j;ot rid of by sim])le rinsin'^. The alkali set free, which, 
in case of the neutral soaps, is very small in (|uantity under the 
usual conditions of ajijilyin,^ the soa]) in a solid state (soajiin^ the 
clothes), plays a ^•ery inferior jiart in the \vashin<r process, far 
below that forim-rlv ascribed to it in connection with the action of 
soap. In fact, it has little inlluence, even in dilute solutions of 
soap, since the liberation of alkali and de.i^ree of dilution are almost 
l)roj)ortional; and, moreover, birause the state t)f I'lnulsion pre- 
vailinj' duriiysf the washing process ameliorates the effect otherwise 
exerted by free alkali on animal and vegetable fibres. These fatty 
emulsions exert an anti friction inlluence in conjunction with the 
melted free fattv acids ])resent in hot solutions of soap; and the 
beautifying elTect obtained by washing with soap is further Ton- 
tributed to bv the considerablv reduced mechanical elTort necessary 
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to effect the removal of dirt^when the lubricating action of soap 
comes into play. 

Hillyer writing recently on the clcansing«powcr of soap * reviews 
the various theories to account fof the cleansing action of soap 
solutions that have been j)resentcd since J^^hevreul’s time, and ad¬ 
vances the iheory that the eraulsifyinfj power of t,he soap solution 
is due to the soap itself and, not to the alkali liberated by hy¬ 
drolysis. He states: • 

Chcvreul, the first to study the fats and soaps, discovered that 
when soaps arc acted on by water t^icy are hydrolyzed to free alkali 
anjd to an acid salt. 'I'he tendency of tfic reaction may be expressed 
by the equation 

NaAc -f H.O = NaOH + HAc, 


whero Ac stands for the palmitic or stearic acid ijadical. The acid 
thus set free unites with more or less of the undecomjiosed soap 
to form difficultly soluble acid salts which contain more and more 


acid in proportion to the alkali as the dilution of the solutions from 
which the salts separate increases. 

Rotondi, basing his conclusions on a mixed soaj), decided that 
when water acts on the soap, there is formed an acid salt which is 


soluble with diificultv in cold water and a basic salt which is easilv 


soluble. 


Recent works by Krafft and hi.s coworkers t have shown 


that Chevreul was correct and that Rotondi fell into error, jirobablv 
because he did not take into account the fact that sodium oleate 


is readily soluble in cold water. It was jirobably a mixture of this 
with the alkali set free by the hydrolysis of the j)almitate and stearate 
j)resent which was called an alkaline .soaj) or basic salt. The more 
current theories of the detergent action of soaj) are largely based on 
the undoubted hydrolysis of soa])s by much cold water. 

The most ordinar}’ theor)’ is that the alkali .set free by the hy¬ 
drolysis of the .soap acts on the fat to remove it by a i)rocess of saj)oni- 
fication. To show that this is illogical it is only necessary to call 
attention to the fact that the alkali j)re.sent has the opj)ortunity of 
making a soap in either one of two ways: First, by acting on the 


♦Jour. Am. ('hem Soi , May, 
t Bit. d. (hem. Ges., 27, 1747; ihid., 27, 1755. 
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glyceride to decompose it, or, secondly, by, acting on the fatty acid 
or acid salt from which it has just been ’separated. That it will 
more readily react with the latter than with the former is clear, and 
since, while the dilution is great, this reaction with the acid salt 
docs not take place but/irather the rev’crse reaction, it seems entirely 
improbable the^hydrolytic alkali acts chemically, if at all, on 

the glycerides of the fats and oils. «In the use of soap for cleansing, 
we i)refer to use hot^and slrong’solutions, but the hydrolysis is almost 
certainly more c<)mj)lete when the solutions are dilute and have 
cooled enough to yield aprtri,^^W of acid salt. In the hot solution, 
especially if concentrated, there can Jje but little alkali free. Finally, 
j)araflin-oils are washed away by soaps as well as the; glycerides are, 
and in this case it is clear that there can be no chemical reaction 
of the alkali upon the oil. 

C. R. Alder JkVright * assumes that the ^'alue of a soap is largely 
due to the alkali of hydrolysis acting in such a way as to allow’^ con¬ 
tact of the water with the substance to be cleansed. Fadenburg’s 
“ ITandworterbuch,” Vol. X,]). 574, favors the theory of Kna])p, 
which lays the cleansing ])ower of soap to the property of the soap 
itself of easily wetting oily substances. Knap])’s original papers 
are not available to the writer t and his evidence is not known, but it 
may be easily shown by a simple (experiment that it is the soap itself 
aim not the alkali which gives acjueous solutions the powder of wetting 
oily substances. 

A ])iece of red litmus i)ai>er is thoroughly oiled wdth either ])urific‘d 
cottonse(‘d oil or a paralVin-oil, and Uj)on it is placed a droj) of 
dilute alkali. The alkali jn-oduces a blue spot w'ith well-defined 
edges and sjireads very slowly over the oiled pajier. If a drop of 
soaj) solution is jilaced on the pajier it spreads rajiidly and soon 
produces a large s])Ot with ill-delined ragged outlines. 

Another suggestion as to the cleansing is that the soap itself or 
the alkali of hydrolysis acts as a lubricant, making the tissue and 
impurities less adhesive to one another, and in that W’ay jiromoting 
the renio\al of the latter. It is not unreasonable to consider this 


as a factor in the cleansing. 


and it will be referred to again later.^ 


♦ Muir’s Dictionary of .\])i)lic(l t'hcnuMry, \o!. Ill, p. 
fllill'er, Jour. .\m. fhcin. Sot., May, 1903. 
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It is often suggested, either^as a distinel theory or as a more or 
less important adjunct to the sajjoni Heat ion tiieory, that the alkali 
set free by hydrtjlysis ac ts on the fat by emui^^ifying it and carrying 
it away in sus])ension with the othe? impurities. This suggestion 
has come a])parently Ijecause tho>ie who lii),ve emulsified oils with 
alkali have used oils not free from fatt\^ acids. ^ It i.'j also suggested 
that the emulsification is due to the undecomjiosed soaj), bu^experi- 
ments are not recorded, as far as can'be ascertained, to sustain this 
view or to determine whether the action is due t'o the soap or to the 
alkali. * * 

When good cottonseed-oil, salad oil," is shaken with weak 
alkali it is largely emulsific'd, but bv washing the emulsion with 
water and dilute alkali alternately for nunv times, the soap formed 
by the action of the alkali on the free acid of the oil is removed, the 
oil sejia-rates from the emulsion, and a pro luci is^obtained which 
is not emulsific-d by decinormal solium hydroxide. Neither is 
kerosene emulsified bv decinormal alkali. Both kerosene and 


purified cottonseed oil c-asily make ])ermanent emulsions with a 
decinormal solution of sorlium oleale. [d'o.u this exjieriment it 
seems certain that the emulsifying power of the soap solution is 
due to the soap itself rather than to the hvdr Hylic alkali. 

The e.xidanation of the action of soap as duc“ to its emulsifying 
power is a {plausible one, but no clear account has been given,oor 
made curremt, at least, in chemical literal lir*, of the jihysical proper¬ 
ties which a licpiid must have to be a good emulsifying agent. 'Idle 
great similarity between foams and emulsions in method of making 
and in projuTties suggests the ((uc-stion whether any explanation 
given for the formation and jiermanencc' of foams will not also apply 
to the formation and ]iermanence of c-mulsions. Plateau and Quincke 
have made extensive studies of substances which foam and of those 
which arc emulsifying agents, ddiere will be here no attemjit to 
detail their results or to follow exactly their reasoning, but the general 
trend of their work will be indicated. 'Fhey have shown that soap 
solution has a surface-tension which is lower than that of any other 
aqueous solution. Its surface-tension is, in fact, only about 40 jut 
cent'’that of pure water. This may be shown in several ways. When 
two capillar)' lubes of the same diameter are placed respectively 
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in water and in soaj) solution, the watfr will.be .seen to rise about 
2.6 times as high as the soap solution. If a given volume of water 
is allowed to drop from*a broad-ended pipette or stalagmometer 
and then a .soap solution is allo\v\‘d to drop from the same pi])ette, 
it will be found that the .soaj) solution will make 2.6 times a.s manv 
drops as the watei. Tbe cohesion of the .soai) .solution is so small 
that the surface-tension will sustain (Srops of a volume only about 
40 per cent of the volume of those formed by water. Plateau * lays 
the ])ower of forming l)ubbles, films, and foam to two factors: first, 
the li(iuid must }^)ssess noj^^il^.vi.scosity, that the film may not 
readily yield to the forces which tend to ihin it to the point of ruj)ture; 
secondly, it must have a low surface-tension, since the surface-tension 
is the most active force in thinning the film. Soap .solutions arc 
ordinarily quite viscoirs, and this vi.scosity is increased in i’lateau’s 
bubble mixture by«adding glycerin, which aids in making bubbles 
and films permanent. Soaji solutions have a low surface tension, and 
on account of these two factors soap solutions easily yield and 
enduringly maintain films and foam. 

. Quincke t has similar fundamental views, but ascribes the per¬ 
manence of a foam to the mixed cliaracter of the litpiid which foams, 
and claims that no ])ure liquid will foam. According to Quincke the 
fiermanence of the foam is due to the action of surface tension which 
spreatTs out over the surface of tlie film .some secondary ingredient 
of the .solution, and this tends to close up any ])otential ruptures 
in the film. Plateau calls attention to the im])ortant ])art played 


bv viscosity in these ])henomena and .sjieaks of the existence of a 
viscosity which jiertains to the liipiifl it.sell, its internal viscosity, 
cau.sed by the friction of tlu* molecules of the licpiid on each other, 
and also of a second kin<l of viscosity, which he calls superficial 
vi.sco.sity, which sometimes makes the motion of a foreign body upon 
the surface of a litpiid more or, on the other hand, less ready than 
within the liipiid. Stables and Wilson J have confirmed Jdati'au’s 
Work, and find that the motion of a body in the surface of a .solu- 


* ?<>gK. Ann., 141, 44 - 
t W icUcnnmn’s Ann., ^^5, 502. 
X IMiil. M.ig. (q). 15, 4 o<>- 
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tion of saponin is resisted 600 time.-; as much as it is within the 
same solution, liy this great superficial viscosity they account for the 
great foaming power of saponin solution, although it has a compara¬ 
tively high surface-tension. 

To make these ideas clear a simple case may be used as an illus¬ 
tration. Suppose two bubbles of air to be tying'side by side within 
a mass of water. The molecules, of Avater at the }>oint of nearest 
approach of the bubbles arc acted on by tlio stress of the surface- 
tension of both bubbles, and this, causes a thinning of the film be¬ 
tween them. The surface-tension is*gr.-eat and tie water is mobile, 
so that the thinning will be i*ai)id and soon the bubbles will coalesce 
by the breaking down of the membrane. If, instead of wat(‘r, soap 
solution is present, the stress which causes thinning will be less on 
account of the much smaller surface-tension and the resistance to 


thinning, due to the viscosity of the soap solutiofi, will be somewhat 
greater and as a result the bubbU-s will remain separate for a much 
longer time. In the same way a mass of bubbles will remain perjiia- 
nent longer in .soaj) solution than in water. 

Can emulsification be explained by the viscosity of the emulsifying 
agent ? In the case of very thick liquids like the gum solutions used 
by the pharmacists, it is probable that the extreme viscosity is a 
very large factor in giving permanence to the separation of the oil- 
droplets Avhich have been formed mechanicallv. That even verv 
large internal viscosity will not make an emulsion j)ermanent is 
shown by the fact that 50 jier cent glycerin and 0 per cent gum 
solutions which have viscosity of a high degree will not emulsify 
kerosene or even a viscous oil like cottonseed-oil. Sa])onin or albu 
men solution with their high suiierficial viscosity will give permanent 
emulsions. IJilutc soap solutions which have not great viscosity 
have very great emulsifying power, and the .same is true to a less 
degree of .some other solutions, knim the.se facts it mu.st be decided 
that internal visco.sity of the lifjuid will not account for its emulsifying 
power. 

It has been seen that foaming can be explained largely by the 
.small .surface-tension of soap .solution towards air. Surface-ten.sion 
phenomena show themselves between two licjuids as well as between 
a liquid and air. T he question arises w’hether there is any ])eculiarity 
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in the degree of siurface-tension between ^oap solutions and oils 
not shown by other solutions. 

Quincke * observes that when a solution of sodium carbonate 
is brought in contact with an ordinary oil, j)henomena are exhibited 
which he ascribes to the* chjvige of surface-tension between the oil 
and aquvous solution ^on account of the formation of soap. Among 
the i>henomena accounted for iiv this way is that of emulsification. 

From his numenxis experiments demonstrating his views Hillyer 
concludes that the low surfa(^-*tension and the emulsifying power 
are due not to thl* alkali orn® the acid salt set free by the hydrolysis, 
but to the undi’composed soap itself. * 

We have seen before that another jiossible factor in cleansing, 
namely, the j)ower which soaj) solutions have of wetting oily sub¬ 
stances, is due to the soaji itself. But this wetting power may be 
exjilained also by the strong adhesion of the soap to the oil and the 
low cohesion of the soaj) solution itself. The latter will more easily 
be spread out over the surface if its cohesion is small, and a stronger 
force will be acting to spread it out if it is strongly attracted to the 
oily surface. 

A very similar factor in cleansing is that which may be called 
ease of j)enelration, by which the acjueous solution j)ushes into and 
])eri3ieates the interstices of the fabric. If a glass tube of 3 or 4 mm. 
internal diameter and closed at one end is filled with cottonseed- 
oil and immersed in a vessel of water, the oil will not leave the 
tube, being held there by the strong surface-tension film between 
the oil and water. But if a strong solution of soap is poured in, 
the surface-tension film is (liminished in strength, the oil flows 
from the tube, and the soaj:) solution penetrates into it. Here 
the .soaj), on account of its weak adhesion and its strong adhesion 
to the oil, withdraws the oil and penetrates into the oily tube. In 
the .same way, it may be, the soap penetrates into the capillary inter¬ 
stices of the fabric to be cleansed. 

Even the lubriiating power of soap solutions may be explained 
by considering the factors a low cohesion and a .strong adhesion. 
In treatises on mechanical engineering, the chief physical propcTty 


♦ Wiedemann’s .\nn., 35, 580. 
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mentioned as desirable in a lu‘i)ricanl is that it shall have sulTicient 
“body” or viscosity to prevent its being ])ressed out from between 
the surfaces to be lubricated. While viscosfty is for this particular 

o!)ject no doubt a necessary thing, it would seem to be a necessary 

evil. As the term is used in j)hysics, vj^icoshy is a property of fluids 
which prevents the freedom of motion which'their*'])articles would 
have if the fluid had no viscosity'or ii^le.ss viscosity. Ilut in speaking 
of lubricants mechanical engineers demand, in *>. substance intended 
to ])romote motion, a pro])erty wlvch physically hinders motion. 
]f we consider a^ lubricants graphite* or^sieatite or .«oap, or the clay 
on which our shoes slip in th6 street, we may get a clearer notion 
of lubrication. In these cases at least the lubrication is due to 
the fact that the lubricant adheres in a film to the surfaces 

to be lubricated but does not cohere to il.self. In the use 

of oil as a lubricant, it is also true that the o\l adheres to the 
lubricated surfaces and soon forms two layers of oil which gliile 
over one another. We have then strong adhesion on the ])art of 
lubricant and a weak cohesion. I'hc same is true of soaj) solutions 
and will explain their slipjieriness and lubricating power. The 
slipperiness we feel when alkali is used on the hands is jirobably 
due to its action on the skin or on the material which keeps in jilace 
lh(' e})itht‘lial cells. The actual removal of these cells with the im¬ 
purities attaclied to them and covered by them would account for 
the cleansing action of alkali and alkali carbonate on the skin. 

The j)osition here taken is then: that the cleansing ])ower of 
soap is largely or entirely to be exjflainc-d by the ]>ower which it has 
of emulsifying oily substances; of wetting and ])enetrat’ng into oily 
textures; and of lubricating texture and imjnirilies so that they 
may be removed easily. It is thought that all of these ])ro])erties 
may be explained by taking into account the low cohesion of the 
soap solutions and their .strong attraction, adhesion, or affinity to 
oily matter, which together cause the low surface-tension between 
.soap .solution and oil. 

Hillyer in this study of .soaj) .solutions * reports the agreement 
of his conclu.sions with well-known faebs in regard to .soajis as follows: 


•=J<)ur. .Am. Chem. Soc., Miiy, 1903. 
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“ Sodium olcatc is very soluble in «col(l water and even in dilute 
solutions shows little hydrolysis. Soaps rich in oleatc are useful 
for toilet purposes anc? for wool-scouring when cold water is used. 
Its stability in dilute solutions ^vould make it of value as a detergent 
even until it is comjjleteK rinsed away, and its ready solubility would 
make it easy tc*wash away. I'or laundry work, dish washing, and 
other work, when hot water is use»^ ])ractical exjx'rience shows that 
the most desirable s^)ap is a tallow soaj). I'his is rich in palmitatc 
and stearate and some oleate. The palmitate and stearate have 
a Aery high eillciency at,,"^ nigh tem])erature, especially Avhen the 
concentration is great. When llie concentration is lessened 
marked hydrolysis takes jdace and the elTiciency rapidly falls olT,' 
but Avith mixed soaj)s this Ioav efl'iciency of the ])almitate and 
stearate is suj)j)lernented l)y the relatiA’ely high elTiciency of the 
oleate in dilute •solutions, Avhich Avill sustain the detergent elTeet 
until all imjmrities are Avashed aAA^ay, including the acid palmitate 
and stearate, Avhich might otherAvise be retained by the fabric. When 
the temjieralure is low, jialmitate and stearate are so little soluble as 
to be of no jiractical value, since the only effect of water on them 
is to hydroh’ze them and set free a small (juantity of alkali, Avhich, 
according to the liApothesis here fa\ored, has no detcTgent effect 
on neutral oils. Rosin soa]) is usually regarded as a com para tiA’ely 
uncfesirable ingredient in .soajis. By the test emiiloyed by Hillyer 
it is of alioul the same efficiency as scKlium oleate, but in dilute 
solutions, esjAecially in the heat, it shoAvs marked hydrolysis, 
Avhich is necessarily acconi])anied by the sejiaration of the ro-iin 
acids. Here the acid jiroduct of hydrolysis se|.)arates in a cloud 
and does not stay in soliitivai, as do the palmitate and .stearate, 
in the heat. 'The sei)arated rosin acids may well settle on the fabric 
being washed and imi)art to it the odor of rosin, cause it to be yellow 
and make it ready to easily take uj) the dust. Ihis effect may bj 
])artially offset, in using mixed soaps, by the other ingn'dienis, AA'hose 
detergent action A\ill tend to remove the rosin acids, but the evil 

effect A\ill still to some extent remain.” 

The fitness of a soaj) for cleansing jiurjioses is determined there¬ 
fore bv the nature of the material to Avhich the soa]) is applied, th'* 
nature of the dirt to be rcmoA'ed, and the conditions under which 
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the process of cleansing is earned out. No soap satisfies a number 
of requirements with equal success. Each general purpose demands 
a soap of a certain character that adapts it fbr the most satisfactory 
work. • 


ill 
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RAW MATERIALS OF SOAP-MANUFACTURE. 

Classification of Raw jlaterials. Animal Fats and Oils. Beef-fat. 
Oleo-stearin. Oleo-oil. T.'illow. Hojj-fat. Lard-stearin and 
l>ard-oil. Classi%ation of Animal Soap-stock. Red Oil, Hand¬ 
ling of Tallow in the Factor;^\ S()ai)-stock of Vegetable Origin. 
Olivc-oil. Olive-oil Footes.*,Linseed-oil. Cottonseed-oil. Cot¬ 
tonseed-oil Soap-stock Corn-oil. Cocoanut-oil. Palm-uil. 
Palm-kcmel Oil. Peanut-oil. (!astor-oil. Rosin. Vegetable 
Soap-stock of Minor Imi)ortance. The Alkali Industry. Caustic 
Soda. Commercial Grading of Soda-ash and Caustic Soda. 
Causticization of. Soda-ash by the Soap-manufacturer. Caus- 
ticization of €oda-ash. Descriptiem of I’lant. IVocedure of 
Causticization. Manufacture of Sal-soda. Potassium Carbonate 
and Caustic Potash. Salt. Filling Materials. Silicate of Soda. 
Borax. Talc. Mineral Soap-stock. Starch. 


. Classification of Raw Materials.— In the* following diagram arc 
represented the chief raw materials of soap manufacture. They 
are classified with respect to their origin and to their chemical or 
mechanical relation to the finished product. This diagram serves 
as a"*brief introduction to an extended examination of the origin, 
production, characteristics, and use in the soap industry of the various 
products thus classified 

^ Bod-fat. 

Animal.... 

Hog-fat. 

Organic., Cotlotisocd-oil. 


Chief raw matorials 
of soap-manufacture 


I 


Inorganic. 


Vegetable 


■ Rosin. 
Cocoanut-oil. 


Cau.stic soda—in chemical combination 
with soap-.slotk. 


Soda-ash. 

Silicate of soda. 



mcihiiniral ad¬ 
mixture with soap. 


Fig 2.— Clussifjcation of Rnw Materials. 
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Animal Fats. —Fat exists Jn nature in the form of minute globules 
disseminated among the tissues of the animals and seeds of the 
vegetables producing it. 'I’o separate it in a commercial form heat 
and pressure are reciuired. * 

The fat-cells, always jircsent in a near^ spherical form (as shown 
at a in Fig. 3), at intervals are traversed^ by minute network 



<,'f blood-\'essels from which they 
derive their secretion —b are fibres 
of areolar tissue. 

Failtv tissue of animals, of which 
the microscopic appearance is given 
in the cut, cannot be broken up by 
pressure; but when heated so as to 
expel all its water, the animal tissue 
contracts and .shriv^'ls up at the same 
time the fat-globules are much ex¬ 
panded, so that the cells burst and 
the fat flows out in a liquid mass. 

The fat of animals is derived partly 
without change by the absorption of the 
fat of foods and partly from proteids 


Fig. 3.—Fiitty Tissui- of Anim;ll^ 
(Magnififd). 


and carbohydrates forming the essen¬ 
tial ingredients of the food. While the 


direct absorption of fat from foods by the organism forms no in¬ 
considerable source cf the natural body, jiroteids and carbohvflrales 
may be considered the raw materials of natural fats made in anrl 
stored up by the organism. When the food contains an excess of 
fat- or of those ingredients essential to its formation, the amount 
above what is necessary’ to serve as fuel for the vital machine is 


stored uj) in the fatty tissue, which reserve becomes available 
and is quickly exhausted when the animal is confined to food de¬ 
ficient in fats and fat-forming materials. 

Fat occurs in all organs and tissues of the animal in ext''emeiy 
variable amounts. The largest iirojiortional amount is contaiiicu 
in bone-marrow, this substance containing over 960 parts of fat in 
^ 1000. The chief deposits of fat in the animal are the intermuscular 
connective tissue, fatty tissue of the abdominal cavity, and the sub- 
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cutaneous connective tissue. The fi^tty tiijsue, being of low con¬ 
ducting power, retards loss of heat by radiation; it serves as a reserve 
food-supply and to pititcct and support certain internal organs. 
7 'he less water present in lh(? fatty tissue, the richer it is in fat. 
Schultze and Reinecke fwiind in one thousand parts of fatty tissue of 
the origin stated thi^ follo\^ng proportions of water, membrane, 
and fat.^ • 




• 

Water. 

Membrane. 

Fat. 

I'atty tissue of oxen. 

, (».6 

11.0 

888.8 

“ “ “ shcq). r,* . 

10^.8 

1O.4 

878.8 

“ “ “ swine. 

64.4 

13-5 

922.1' 


Fat gradually varies in comjiosition from the exterior to the in¬ 
terior parts of llie same animal. The fat immediately below the 
skin has the lowest melting jioint and that in the middle of tlie 
body the highest, while the melting-point of the fat in the inter¬ 
mediate ]Kirts varies with its distance from the interior. Not only 
does the comjiosition of fat from ditTerent tissues f)f the same animal 
vary within wide limits, but also that from the same tissues in different 
sjiecies of animals. The fat jiresent in the fat-cells consists chietly 
of the glycerides of stearic, iialmitic, an.l oleic acids, and in fats 
jiresent as animal secretions, as butter-fat, the glycerides of caproic, 
cajfric, and cajirylic acids occur. 

Beef-fat.—Before edible uses for beef fat had arisen, as in the 
manufacture of lard comiiound and oleomargine, all fat rendered 
from the tissues of cattle was known commercially as tallow, 
d'his increased consumiition for edible purposes has placed the 
demand for talknv for soaj) manufacture in a secondary place and 
compelled the acceptance of inferior grades of tallow for the latter 
pur])ose. 

The caul fat of beef yields on rendering in open kettles at 
low lemjierature oleo-stearin and oleo oil. This fat is known as 
“butter” slock. The kidney fat as a rule remains with the carcass 
and is known as suet. Trimmings oi the carcass and portions of the 
viscera form the raw’ material of tallow’. Its suitability for lard 
compounfl determines its classilicalion. If not gcxwl enough f(jr 
lard compound, its outlet is the soap-kettle. Tallow varies greatly 







'lagram of Beef rroducts, 
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in flavor according to the quality of th^ stocky and the conditions of 
rendering. It varies in color from white to firown under the same 
general conditions. Tallow from fresh and carefully rendered stock 
should not have a greater fatty-acid content than 1.5 per cent, although 



Fk'. i; -Mplling l?cof-fat for Oleo-oil and Oleo-stcarin. 


as a rule it runs from 2 to 10 per cent. Three per cent of free fatty 
acids is the maximum for edible tallow. An acidity approaching 5 per 
cent or more unfits it for edible purjioses. As all grades of beef-fat 
are used in soap manufacture according to the quality and purpose 
of the soap, brief descriptions of their processes of manufacture, 
will be given. 
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Oleo-stearin and Oleo-oil. —After the animal is slaughtered the 
fat is removed and j)laced in a vat of warm water, where it is thor¬ 
oughly washed to remove blood and adnering impurities. It is 
then chilled and hardened in a bath of ice-water, after which it 


is finely comminuted liy cutting-machirft.‘s and melted in steam- 
jacketed caldrons at a temperature of abtf-it Fahr. Slowly 

revolving agitators keep the ftit moving until the melting [irocess 
is complete, when the whole is allowed to seUle. Fig. 5 represents 
a car of comminuted fat from the cutting-machine being dumjied 
into the melting kettle. 'Fhe settling- j'rocess is accelerated by the 
addition of salt, which is scattered over the entire surface of the 
liquid and settles the fibre, or “sera]),” to the bottom. .After the first 
settling the clear oil is carefully siphoned to a second series of jacketed 
calflrons, usually on ihi- iloor below (see Fig. 6), where more salt 
is added, and the tenijierature controlled until a second settling is 



Fig. 6 .—Diagram of Olco-]>lant. 


comjiletcd. This demembrani/.ed fat is now sijihoned into mounted 
vats and allowed to stand from three to five clays at a temjicrature 
favorable to the crvslallizaticm of the stearin, a jiart of whieh forms 
a crust over the toj), and the remainder settles to the bottom, leaving 
the clear oil between. It is a common iihenomenon in the crystalli- 
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zation of various substances whose spocific gravity is not greatly in 
excess of the mother-liquor, tliat, cooling first at the top, a portion 
of the substance which iS being crystallized out forms a crust over 
the surface and the remaining fiortion is precifiitated. When the 
vats have stood the required time the crust is broken into fine parti¬ 
cles and the whc 4 e is ggiven a thorough mechanical mixing which 



7. -Sf|)ar:iting Olco-oil from the Stearin of the Fal 1 )\ I’n-ssiire. 

leaves it of a mushy consistency. It is then wheeled to a revolving 
table surrounded by skilled workmen, who wrap the mixture into 
small packages of canvas cloths—each containing about 3 jiGunds 
—which are built into the [iresses. The oleo-oil is then separated 
by great pressure, slowly and gradually applied, and Hows from the 
])resses into a large receiving-tank on the floor below (see Fig. 7). 
The stearin remains as a compact cake and is used with cottonseed- 
oil in the manufacture of lard compound. The oleo-oil goes into 
oleomargarine. Caul fat treated as described yields about 50 per^ 
cent oleo-oil, about 30 per cent stearin, and the remainder shrink- 
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age. These yields var}’ greutly according to the amount of tissue 
and the temperature of pressing. 

Tallow.—'I'hose parts of the fat-secrefing portions of beef that 
are converted into soap-stock are m^ide uj) of that quality which unfits 
them for edible purposes. With the development of the provision 
and allied interests, the utilization of animal fata for food has in¬ 
creased to the degree that only the poorest quality is available for 
soap manufacture. The fat is contained Jin the fat-cells, which 
with membrane and water make-up the fatty tissue. The process 
of separating fat from the enclosingVnembrane is called “rendering,” 
and is generally effected by steam under jiressure in closed tanks. 
Rendering in open kettles at low temperatures has been described 
in the manufacture of “butter” stock. Steam-rendering is em¬ 
ployed for all stock, whatever its origin, that will not yield come.sliblc 
products. The type of the modern rendering-tank as used in the 
packing industr}’ is shown in Figs. 8 and g. These tanks are made 
of tightly riveted steel jjlates cajjable of withstanding an average 
minimum steam pressure of 50 pounds. They are usually 5 to 6 
feet in diameter and 10 to i6 feet in height with a corresponding 
capacity of 1500 to 3000 gallons. 'I'hc largest ones are 8 feet in 
diameter and 20 feet high. They are equi])ped with safety-valve 
and suitable })ipc connections for filling and emptying. Modern 
tanks discharge through a gate-valve at the bottom which ’ is of 
sufficient size to give an unobstructed opening. 'J'hey are made of 
I-inch steel and doubly riveted on the sides and are carefully calked 
inside and out to jirevent leakage from corrosion. The cone-shaped 
ends, carrying, respectively, the charging manhole and the drop- 
valve, or door, as the case may be, are of inch steel. In addition 
to the charging manhole on the top are two air-cocks to carry away 
offensive fumes formed during “cooking,” and a safety-valve. On 
the .sides are three draw-off cocks for the removal by gravity of the 
rendered fat. Steam is introduced through a pipe entering the 
bottom cone. 

In charging the tank with material to be rendered it is filled 
within a foot of the junction of the upjier cone and cylindrical por- 
4 tion of the tank. The charging door is lightly closed and a .single 
vent-pipe opened. Steam at 40 jiounds pressure is now admitted. 
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The length of time required to satisfactorily “qook” the stock depends 
upon the amount and character of the charge. A tank with a 
yielding capacity of 25 •tierces is generally 6 feet in diameter and 



Fig. 8.—Parkers’ Keiulering-tank. 


12 feet high and requires from eight to ten hours for cooking. No 
water is added during the rendering period, sufficient resulting from 
the condensation of the steam. Should this increase cxcessivd)!, 
which condition can be ascertained by the rendered stock blowing 
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Fto. 9 .—Packers’ Kcndcring-tank 
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out of the vent-pipe, steam is turned and^the water blown out 
through a discharge-pipe for this purpose at the bottom. At the 
termination of the cooking period, steam is turned off and the con¬ 
tents of the tank allowed to settle«in the order of their specific grav¬ 
ities. Steam is allowed tck blow off through the vent-pipe. The 
rendered stock is rflrawp off t?rst through the top draw-off cock 
and througR the lower ones as the leveWn the lank subsides. Should 
the fat yet remain below the lowest discharge, water is admitted 
at the bottom of the tank and the fat thus raised and run out. The 
remaining contents of the t^^ discharged, through the gate- 
valve at the bottom, into vats immediately below the rendering- 
lank, from which the liquor is allowed to run to a series of catch- 
basins to remove remaining traces of fat, and finally to the evap¬ 
orator, usually a triple effect to be converted into “stick.” The 
solid matter remaining is wrapped in cloths and subjected to great 
pressure to remove the moisture and fat that are yet retained. This 
dry-press cake is mixed with concentrated “soup” liquor or “slick” 
to form the tankage fertilizer of the packing-house. 

The quality of the fat thus obtained depends upon the quality 
of the material from which it is rendered and the skill exercised 
during the rendering process. The various grades of animal fats 
are always marketable and naturally an effort is made to obtain 
the ])rftduct in the best condition possible and from every source 
that i)romises a profit. We therefore find numerous grades of 
tallow and grease obtained from every part of the animal received 
in every condition at the rendering establishment. 

To illustrate the variety of animal soap-stock on the American 
market and their relative quality and corresponding price on the 
day of quotation, there has been arranged the accompanying table, 
Table V, in which the differences in quality are clearly evident. 

Hog-fat.— Lard is a general term applied to the fat of the slaugh¬ 
tered hog, irrespective of its anatomical origin, and separated from 
the tissues of the animal by the aid of heat. Lard is classified 
according to the material used and the method of rendering. Accord¬ 
ing to method of rendering, lard is classified as keltic and steam.^ 
According to the material used there arc three general grades of 
lard, viz., neutral, choice, and prime steam. 



44 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. 


Two grades of neutral lard arc made—one from the leaf, the 
other from the back fat of the hog. In the packing-plants the leaf 
fat is taken from the animal immediately after killing, hung on 
mounted racks, and wheeled into Refrigerators to remove as quickly 



as possible all animal heat. It is next chop])ed finely or reduced 
to pulp by machinery and melted in jacketed kettles exactly similar 
to those used for oleo-oil. When the melting ])rocess is com])letc it 
is allowed to settle, the precipitation of the fibre being accelerated 
by the addition of salt, as in the case of oleo-oil. After the settling 
process the clear oil is siphoned to a receiving-tank and is tierced for 
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shipment. A good quality of leaf fat will produce by careful hand¬ 
ling about 90 per cent of its weight in neutral, and each animal will 
yield an average of 8 or g pounds. Comparatively little neutral is 
made from back fat. The amount *liscd, however, depends much 
on the relative demand for neutral and ordinary lard products, 
as it is sometimes more advantageous to work fyts into one form than 
another. The oil made from Lack fat retains more of the flavor 
peculiar to lard and, like the lower grades of olco-oil, is less free 
from stearin or other undesirable constituents. Some packing¬ 
houses mix a small per cent of back.fa^ \vith the “leaf” in making 
their highest grade of neutral. 

Choice lard is made from leaf and trimmings only and may 
be cither kettle- or steam-rendered. The i)roccss of steam-render¬ 
ing for lard is the same as described for the jjroduclion of tallow. 
Prime steam lard may be taken to represent the <i.vhole or part of 
the fat of the animal rendered by steam. 

Lard-stearin and Lard-oil.—These products arc obtained from 
lard in the same manner as oleo-stearin and oleo-oil arc obtained 
from “butter” stock of beef-fat. I'he stearin is used in the manu¬ 
facture of lard com{X)un(l and the oil for illuminating purposes. 
Lard-stearin of non-edible quality is a soap-stock for certain grades 
of soap. 

Classification of Animal Soap-stock.—Referring to Table V 
Prime Packers’ and edible tallow may be considered as butter-stock 
and is rendered as previously described from the caul fat of beeves. 
Packers’ No. i and No. 2 tallow may be considered as obtained 
chiefly from trimmings and portions of the viscera. City Renderers’ 
No. 1, which stands second to edible tallow in quality, is probably 
kettle-rendered by butchers, or a superior quality of steam-rendered 
tallow. Country Renderers’, although coming from outside of the 
city, is obtained from the same material as that available to the 
packer although less careful selection of stock and less care in render¬ 
ing may have occurred. Country Renderers’ No. 2 is an inferior 
quality of the preceding grade of tallow resulting from the u.sc of 
inf(jrior material. No. 2 Packers’, the lowest grade of tallow, corre¬ 
sponds in quality to yellow grease. The term “grease” is applied 
to inferior products obtained from either the hog or beef or both. 
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and likewise may be transformed into the corresponding stearin 
and oil. The color, odor, and body of such products are charac¬ 
teristic and indicative of their origin. A. White grease is steam- 
rendered from dead hogs (the intestines being removed) and from 
all other hog-stock not suitable for lard. ’ B. White grease is an 
inferior quality of the preceding grade. Bbnc j^rcase is steam- 
rendered from selected bones.*^ Ypllow grease is rendered from 
house, hotel, and restaurant collections. Brov n grease is obtained 
from the same source and from the intestinal fats of dead hogs. 
The various grades of grease are rdndefed in the same manner as 
prime steam-rendered lard. As stearin is obtained by pressure 
from the corresponding fat from which it derives its name, the 
origin of the grades mentioned will be evident. By suitable treat¬ 
ment with bleaching agents it is possible to improve the appearance 
of any of the grades of soap-stock mentioned; *'thc soap-making 
quality of the stock, however, is not thereby neccesarily improved. 

TABLE V.—QUOTATIONS OF ANIMAL SOAP-STOCK AT CHICAGO, 

SEPT. 15 , 189 S.. 


Soap Stock Arranged in Order 
Quoted. 


Tallow: 

Prime packers’ and edible.. . 

No. I (packers’). 

No. 2 (i)ackcrs’). 

City Renderers’, No. i. 

Country Renderers’. 

Country Renderers’, No. 2 .... 
Grease: 

Bone. 

Yellow. 

A. White. 

B. White. 

Brow’n. 


Price. 

Cents. 

Soap Sloi'k Arranged in Order of 1 
Quality. 1 

Price. 

Cent.s. 


Stearin: 

1 


Lard (city). 

6 -64 


Olco (l)cef). 

-5 


Grease: 



White. 

— 4 


Yellow. 

31 ".',-.3* 

44-41 

Prime packers’ and edible. 

44-41 

38-34 

City Renderers’, No. 1 . 

. 34-33 

2l-3l 

Country Renderers’. ■ 

."'4 .33 

. 34-38 

No. 1 (packers’). 

.32-.34 

34-38 

No. 2 , country. 

.3 '.3k 

3 -3i 

No. 2 (packers’). 


3 K 3 I 

A. W’hile. 

.34 .33 

2i-3 

B. White. 

. 38-.34 

3i-33 

Bone. 

,34 -.31 

32-34 

Yellow. 

-’4 .3 

2l-2\ 

Brown. 



C 

It will be evident that no sharp distinction is possible in the classifi- 
catiqn of animal soap-stock. Stock from a generally inferior SQurcie 
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may frequently be ‘superior to the grade customarily assigned it. 
Although tallow and lard arc respectively the fat of the slaughtered 
beef and hog, commercial grease may contain either or both of 
these fats. The presence of lardrin tallow bought and sold as such 
is considered an adulteration. 

In large cities.anin^^l soap-stock is now being extracted from 
sorted garbage by either the steamy sulphuric acid or naphtha- 
extraction process. It is gencndly known as recovered grease. It 
is used largely in the manufacture of candle-stock. Steam extrac¬ 
tion of grease from garbag(^ most common process and is 

carried out in the following manner: 

The garbage, properly .sorted, is elevated by conveyor to the 
charging door of the digesting tanks. These arc uj)right steel 
tanks of 5 to 6 tons cai)acity and here the material is .subjected 
to live steam for ^ to 8 hours, steam ])ressure being maintained 
at 30 pounds. When the matter has been thoroughly disinte- 
gruted, the envelo])es enclosing the fat gloljules destroyed or soft- 
mod and the bones .so changed in j)hy.sical ])roperty that they 
may be crushed between the fingers, the whole mass is dropped 
through a 12-inch valve into a box-like receiver. After settling, 
the free water and grease arc run off by means of droj)-})i])es 
into sejiarating vats and the remaining sludge elevated by 
buck A-pump into filter-cloths, after w^hich it is pres.sed and sold 
as fertili;5cr. 

In the weaving of woolen fabrics the raw wool must be first 
scoured and then oiled jircparatory to sjiinning; the fabric is washed 
to remove the fatty and other bodies used in oiling the fibre and in 
the milling and falling iiroccss the cloth receives its final cleansing. 
In these several processes soap and other detergents and saponi¬ 
fiable oils arc used in immense quantities. The recovery of this 
waste-oil anti .soap ha.s- reached a more advanced stage abroad 
than in this country, but the jiroduct is of too inferior a quality to 
recomme^nd it for soap-making. 

Red Oil.—Red oil is a commercial name given to crude oleic 
acid. This is obtained by the hydrolysis or saponification of a 
glyceride into its fatty acids; it is a by-product and of much less 
value than the substance manufactured, viz., stearic acid. 



5 © AMERICAN SOAPS, CANDLES, AND GLYCERIN. 

It can be obtained from many substances, principally from 
tallow and grease when these are employed in candlcmaking. 
Its manufacture by various processes isL described in detail in the 
section devoted to the manufactur:; of candle-stock. 

In general the red oil thus produced is utilized by conver¬ 
sion into so-called “olein soap” by direct saturation with alkali, 

• s 

but various attempts have been made to employ it as a 
source of more valuable products; as, for instance, among 
others may be mentioned, (i) v. Schmidi, by the use of heat 
and zinc chloride forms isoleic aqd ^and stearo lactone; (2) Radis- 
son, by fusing with alkalis forms palmitic acid; (3) Zarar, Iw 
the action of chlorin, nascent hydrogen, water, and heat form;; 
stearic acid. 

Red oil is chiefly used for soap-making and as a wool oil. If 
made by the lime-saponification process it is called “ red oil, ” saponi¬ 
fied olein and saponification olein; if made by the acid saponification 
it is also termed distilled olein. 

Red oil has, besides the names above mentioned, the following: 
Commercial oleic acid. Olein and Elain. In its pure state it is 
transparent and of a }'cllow to light-brown color; if turbid it has 
a dark-brown color. The former quality is termed “pale olein” 
(French, Oleine blonde; German, Blondes Elain); the dark variety 
is “red oil.” 

Red oil often contains a notable quantity of solid fatty acids, 
i.e., palmitic and stearic; if it has been obtained by acid 
saponification there may also be present more or less isoleic 
acid and hydrocarbons. Red oil contains a very variable amount 
of unsaponifiable matter, Allen giving as high as 10.3 per 
cent. 

Red oil is also obtained by the distillation of “cottonseed foots” 
and from recoverc'd grease; in the latter case the unsaponifiable 
matter is considerable, and this is used as a wool-oil ard as inferior 
soap-stock. 

Handling of Tallow in the Factory.—Probably the most vexa¬ 
tious problem that confronts the factory superintendent is the hand¬ 
ling of tallow preparatory to its introduction into the soap-kettle. 
The most satisfactory method is one that combines cleanliness, 
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convenience, and freedom from odor. TJhc method in daily use 
in each factory represents the most j)racticablc one attainable in this 
direction under the conditions there prevailing. It is possible, 
however, that a brief review *of the various methods of handling 
tallow may enable those*Jess advantageously situated in this respect 
to so modify iheir f)resenl method that these prime desiderata, 
viz., cleanliness, convenience, ^ and freedom from odor, may be 
more fully attained* 

Tallow in its various grades is received at the factory in two 
styles of containers, viz.f ^jarrels and tank-cars. Wherever the 
volume of business and location of the factory will warrant, the 
rcccij)t of the tallow in tank-cars re])resents the maximum in clean¬ 
liness and convenience that at present seems to be possible. Tank- 
cars will hold as a rule about 40,000 j)ounds of stock, equivalent 
to over ICO bart^els, which surjjasses the capacity of a box car. 
When one considers that with suitalde piling, })umps, scales, and 
storage-tanks a tank-car can be emptied in about an hour, the 
superiority of this method of receiving tallow over that involving 
the use of steam in emi)tying barrels requires no further com¬ 
ment. 

Not every factor}', however, has the convenience of track con¬ 
nections, thus being under the necessity of receiving all tallow in 
barrels. Tallow barrels are derelicts—not g(M)d enough to be used 
for other material,, and as a result few are found that do not leak, 
e.s])ccially in summer when the contents are more or less fluid, and 
are invariably soiled with the material they contain. To conserve 
cleanliness and to diminish time and labor re(|uired for handling, 
the receiving platform, scales, and steaming-tank should be near 
together. This condition can be attained by having the tallow 
received, stored, and emptied in a sei)arate building provided with 
suitable steam- and tallow-pipe connections with the kettle-room. 
Ideal conditions are never met with in factory work, and m* matter 
what efTort is made to render offensive work less objectionable, 
much, as a rule, remains to be desired. It is true that the more 
barrel tallow is transferred from place to place in the factory Jthc 
more difficult it will be to keep that part of the factory in a cleanly 
condition, 
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No two methods of disi)osing of barrel stock after it has been 
receivefl are alike, each being determined by the conditions pre¬ 
vailing in each factc'ry. The use of steam /or emptying containers 
is general. Even this convenience* involves great inconvenience, 
especially in cold weather. I'he following; are the re(iuircments 
of a good stock-steamer and its a])purlenances: The steaming-tank 
supporting the barrels should be long enough to carry that number 
of barrels as should best facilitate the work of emptying. A dozen 
barrels can be eni])tied as quickly as two when once they arc on. 
There should be a scj)arate steam-pipe connection for each barrel, 
as one barrel may be emptied before another. The disposition 
of the tallow as it flows from the barrel is varied. The modern 
idea in factory work seems to be, wherever j^racticablc, to elevate 
all material and allow it to descend by gravity through the 
various manufacturing processes to the shij)pii'H;-room. Ventila¬ 
tion and the dis])ositi()n of vapors should determine the location 
of the stock-steamer. 'J'his is a ])rime consideration, especially 
when the factory is located in a ])oj)ulous district and the stock 
used is not of prime fjuality. Where objection is made to {)frensive 
odor, .some de\ice must be cmj)loyefl whereljv a repetition of com¬ 
plaint may be avoided. This may consist of a suitable duct carry¬ 
ing the vaj)ors from the enclosed stock steaming room to the factory 
chimney, the movement of the vaj)ors being effected by the natural 
draft of the chimney or Glided by a fan. Where discharge into the 
open air is not allowed, this method may satisfy all requirements. 
In case it proves inadef|uate, recourse may be had to conflucting 
the vaj)ors to the fire-grate of the boiler and there consuming them. 
This, however, under average conditions is an extreme ])recaution 
and seldom if ever employerl. Discharge of the vajior by forced 
draft through a spray of water may sufficiently remove all objection¬ 
able odor. The odor from stock steaming results from a simple 
distillation by .steam of the volatile ingrerlients of impure stock. 
The odor is least with stock of good quality and when less steam 
and hence more time are used. It is most objectionable w'hen the 
otjier extreme is reached. 

• Soap-stock of Vegetable Origin.—Olive-oil is the vegetable soap- 
stock that is historically the most interesting, but in the modern 
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practice of soap manufacture it is of limited importance owing 
to its high cost. Cheaper supplies of vegetable oils are now 
available. ^ 

There arc over 200 species of plants whose seeds arc used in 
making oil for illumination" medicine, food, soap, and for lubricating 
machinery, A lai^c proportion of these plants are natives of troii- 
ical regions, many of which will not thrive in colder climates. On 
the other hand, thcrc«are many plants which could be ])roritab’y 
grown in the United States for die oil contained in their seed .. A 
few such plants arc now Aifli\h,tcd in this country, jirincipally, 
however, for other purposes than the use of their seeds for oil, as 
in the well-known cases of cotton and peanuts. 

The function of the oil in the j)lant economy is to form a reserve 
supplv of nutriment for the growing plant during the period of 
germination and before it is able to absorb food material from the 
soil and air. Starch serves the same pur|)ose in the se('ds of cereals; 
and starch and sugar in the roots of biennial plants like the beet, 
h’or this j)urposc the amount of fat in plants is in inverse ])roportion 
to the amount of starch and sugar which they contain, ranging 
from 71 per cent in the edible portion of the j)ecan to alxmt 2 j)er 
cent in barley. The amount of oil and starch, stored usually in the 
seed, ^and starch and sugar, stored usually in the r(X)t, is an exceed¬ 
ingly variable quantity, depending upon the climate, soil, methcxl 
of cultivation, degree of maturity, etc. We are concerned pri¬ 
marily with the oil, the yield of which is determined not only by 
the conditions mentioned, but by the conditions of handling the 
seed or fruit and by the process of extraction. 

Oil is obtained from seeds by first crushing and then pressing 
them in cloth bags, or by boiling them in water and skimming off 
the oil which rises to the surface, or by using some chemical solv¬ 
ent, such as carbon disulphide, which extracts the oil. The first 
method is that generally employed, although the chemical j)rcx:ess 
is coming into use to some extent. Seeds are either jiressed cold 
in mills constructed especially for that purpose, or heat is used to 
coagulate any albumen present and to render the oil more liquid. 
In many instances both cold and warm pressure is used, but in 
the casp of the best mvdicinfil or table oil? np heat is employed. 
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The method of using solvents commonly yields a greater amount 
of oil than does pressure, but is open to objections. The crude 
oils obtained by pressure or extraction afe refined by filtering and 
the use of chemicals. 

The residue of the seeds after the oiS is extracted is called “ oil¬ 
cake,” and is often of great value as a stock-fond or fertilizer. It 
is composed of the woody fibre and mineral matter which the seed 
contained, a small per cent of uncxtractcd oil, and, of more value 
than all else, the prolcid or nitrogencous constituents of the seed. 
This gives it especial value as caflb'-food, while the high per cent 
of phosphoric acid and potash in addition to nitrogen makes it a 
most valuable fertilizer. 

Any commercial oil that will admit of saponification is avail¬ 
able as soap-stock. The use of vegetable oils for this purpose is 
determined primarily by their cost, their properties and character 
of the soap desired to be made. When the economic character 
of vegetable oils is taken into consideration, the number available 
as soap-stock is ver\^ limited and is determined by their relative 
cost compared with that of the various grades of tallow. The 
successful cultix’ation on an extensive scale of plants bearing oil- 
producing seed, other than the cotton and the flax, dc})ends upon 
their cost of production as compared with that of cotton and flax. 
The vegetable soai)-stock of different countries, therefore, "varies 
with the different economic conditions. The chief vegetable soap- 
stock in this country and, we may state, in the world, is cottonseed 
oil. 

Olive-oil. —Olive-oil is expressed from the pulj) of the ripe fruit 
Olco curopaa L., native to southern Europe. The tree has been 
cultivated in the Mediterranean countries from the earliest times 
whence its cultivation has spread to various countries, notably 
California, where similar climatic conditions prevail. An average 
yearly temperature somewhat higher than that required by the 
grape is essential to the best development of the tree and fruit. 
Successful cultivation is not possible in any region where the tem- 
jjerature often falls below 20° Fahr.; best results are obtained 
where the average temperature of the coldest month does not 
fall below 43° Fahr. The tree is characterized by meagre 
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foliage and strong root system, requiring less water than most 
cultivated trees. It grows best in sandy or loam soils rich in lime. 
The fruit varies greatly ifl size with different varieties of the tree, 
with corresponding variation in •the quantity of oil and size of 
the pit. • 

In the following tabl^; this variation is .shown for a number of 
the common varieties cultivated in Cfilifornia. 

In the Mediterranean countries the procedure of oil extraction 



Fig. 13. —Mission Olive of California (single olive natural size). 


has been but little improved in centuries. In recent years, however, 
and notably in those countries where olive culture is being intro¬ 
duced, greater care and more improved appliances arc being 
emjiloycd. The variation in the fiuality of the oil arises from the 
condition of the fruit when j)ressed and to the diligence used in the 
process of extraction. The oil obtained from unripe fruit is of 
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TABLE VI.—AVERAGE OF FINELY TESTED VARIETIES OF THE OLIVE 

GROWN IN CALIFORNIA.* 


c> 



Number 
i)t Sam¬ 
ples. lix- 
an^ned. 

t 

Size. 


Per Cent of Oil. 

Variety. 

Niiinlier 
of Oliver. 
Per 

Pound. 

Pit, 

Per (. eiit. 

r 

In Whole- 
Fruit. 

In Flt'hh. 

t 

In Pit, 
Referred 
to Whole 
Fruit. 

Varieties fully tested: 
Mis.yon. 

II 2 

111.6 

17.2 ' 

17-56 

22.51 

.61 

Ncyadillo Blanco. 

57 

I.57-.I 

17-.3 

19.21 

22.92 

-99 

Manzanillo. 

3 « 

lObtl J 

^ 14-7 

16.94 

19-73 

-55 

Redding Picholine. 

42 

3g8.2 

23.0 

16.18 

20.83 

1-52 

Uvaria. 

2() 

201;. I 

25 - 5 

' 3-71 

18.51 

1.07 

Rubra. 

.35 


17.9 

18.58 

22.01 

-75 

Oblonga. 

.52 

176-4 

18.7 

13-34 

15.68 

-85 

Columbella. 

25 

114.6 

16.6 

15 -.56 

19-54 

.60 

Pendulina. 

22 

157-1 

I.I -7 

18.03 

21.36 

.96 


* Agr. Exp. .Sta.; Univ. of ('al. « 


a greenish shade and has a rough peppery lasle. Over-ripe olives 
yield a pale" oil, deficient in flavor, which soon becomes rancid. 

Olive Crushing.—The olives, received from the estate on which 
the mill is located, or from adjacent groves, are sorted. Storage is 
generally provided on an upper floor, where the olives are spread 
out until they can be crushed; but they are never allowed to 
remain longer than 24 hours. Olives, particularly if wet ’ when 
brought in, become mildewed and the oil is thereby deteriorated. 
The olive-mill consists usually of a stone basin, non-absorbent 
—a silicious conglomerate rock is used—in which the upright 
circular stone is made to revolve. The olives arc added to 
a hopper above the mill and are introduced into the mill as 
required. The charge varies with the capacity of the mill; for 
a charge of 10 bushels of olives, about one hour is required for 
crushing. The crushed ma.ss, consisting of pulp and pits, is now 
transferred to circular flat bags, or mats, made of straw, about 
2 feet in diameter. 

The mats as filled are placed in a pre.ss, a type of which is .shown in 
Fig. 7, until the latter is full. Cold water is poured upon the pile of 
mats to facilitate the flow of oil. Pressure is applied gradually at first 
and increased to the highest at the end. The product thus obtained 
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is the first pressure, or virgin oil, and is of the best quality. A 
small quantity of oil t)f inferior quality is obtained by a second 
pressing. This is obtafhed from the same pul[) by grinding it with 
hot water and pressing as bef(fre. If the second pressing is done 
promptly an oil of fairly*good quality, though deficient in “body,” 



I'lO 14.—Essential Api)aratus of Olive-oil Manufacture. 


may be obtained; but if delayed, the (piality of the oil obtained 
is very inferior. 

The oil of the Hrst and second pressing is clarified by a ])rocess 
of settling and filtration through raw collon. liy the most im¬ 
proved pn)ce.ss, the turbidity of the fresh oil, which is due to the 
water)' juice of the fruit and sfime pulpy matter, is removed in 
modern methods of j)rocedure by the ap])aratus shown in Fig. 15. 
'J'he freshly expressed oil is introduced through the funnel into 
the separator at the bottom, which is kept con.stantly full of water, 
added, as shown, below the oil jet. The water and press-liquid 
are thus kept in constant agitation. This results in the ra])id depo¬ 
sition of the heavy imi)urities and the efiiially rajn'd rise of the 
small, light oil-dro])s. 'Fhe oil very quickly forms a layer on top 
and can be drawn off by means of a faucet appropriately placed. 
The apparatus is continuous in its operation, and the oil is obtained 
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free from all the grosser impurities. It is still, however, very 
cloudy, owing to the presence of small, light particles of vegetable 
matter. ' 

Ample settling in clean vessels ‘and decantation are employed 
for the final clarification. Tlie first settling is made in a funnel- 



shaped apparatus shown in Fig. 17, from which it is run through 
cotton wool into settling-tanks. About one month is generally 
required for settling in the first tank, after which it is racked 
off carefully into the second and so on until the required color 
and clearness arc secured. Three rackings are usually sufficient, 
ancl if the process is properly carried out, the oil is as bright 
as can be obtained by the most effective method of filtration and 
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possesses the distinctive olive flavor and jvithoul the greasiness 
present in the filtered oil. 

Olive-oil Foots. —^Tlic press-cake after the second pressing 
contains some oil, which may b(? extracted with some suitable solv¬ 
ent or by boiling up With water. By the 
extraction process tha ground press-cake is 
mixed witli a requisite amount of thS solvent. 

The solution thus obtained is transferred to a 
closed vessel and heated to a, temperature 
sufllcient to expel the sokrA^^ by evapora¬ 
tion, which is condensed and recovered, 
lea\'ing the oil behind. The solvents most 
commonly used are petroleum ether and 
carbon disulphide, the latter having the 
preference owing •to its greater cheapness 

and safety. 

<0 

The oil jiroduced by chemical treatment 
of the press-cake is usually taken up by the 
soa]) trade, and its color and odor readily 
distinguish it from the oils obtained by the 
a])plication of pressure. The oil obtained by 
the use of jietroleum does not emit the disul- 
jihide’odor, and it has a better color. 'Fhe remaining pulp, or meal, 
after the extraction of the oil is immediately dried, in order to pre¬ 
vent fermentation, and sold in sacks for fertilizing purposes. 

By the water-extraction process the ground press-cake is agi¬ 
tated with hot water until the clean pits fall to the bottom of the 
tank, while the refuse pulp floats on the surface. The supernatant 
mixture of pulj), oil, and water is drawn off and the oil rising to the 
top is removed by skimming, while the pulp is again pressed and 
yields a little oil. This recovered oil is nearly black, and if extracted 
with solvents carries, to a greater or less degree, the characteristic 
odor of the solvent used. It is of less value than the oil extracted 
by the water process, but has the advantage in that every particle 
of the oil is recovered. The yield of oil from press-cake by the 
solvent-extraction process averages lo per cent; by the water-extrac¬ 
tion process only a,bout one-half as much. The oil recovered as 
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described, either alone or in admixture with inferior grades of the 
second pressed oil, comes into trade as “olive-oil foots.” To dis¬ 
tinguish it from the comestible oiljt is called industrial olive-oil. 

The industrial oils are ])uriljed by the use of suljjhuric acid. 
The proce.ss consists in the agitation of tfie oil, into which has been 
poured 2 i)er cent of its‘weight of sulphuric ac?d at 6Q° He. and 
a quantity of water. The mixture is allowed to repose and is then 
decanted and filtered by onlinary processes.* If the oil be heated 
to 60° or 70° C., the ])roj)orti(»i^ of suljihuric acid may b(‘ re¬ 
duced to as little as one-half of 1 jier* cent. If industrial oils are 
to be purified by the use of soda, the rule is to pour into the 
oil a weak alkaline lye, the li(]uid being then vigorously mixed. 
After repose the liiiuid forms in three strata—the alkaline solution 
appears at the bottom, the clarified oil at the toji, anrl in the middle 
is a stratum in emulsion. The ujiper layer is removed, and to the 
middle layer is added another quantity of the alkaline solution, 
the product being again agitated and allowed to rejiose, whereujion 
it forms three strata as before. The opcTation is rejieated until 
the bottom layer is but slightly turbid, d'he oil is then decanted 
and filtered after settling. 

Linseed-oil.—Linseed-oil, the rejiresimtative drying oil, is of 
use as a soap-stock only in the manufacture of soft soap, anil for 
this purpose it finds but limited use in this country. In Eurojiean 
countries, where it can compete successfully with other soaji-stock 
it is used extensively for this Tiurjiose. The oil is expressed from 
the seed of the common flax {Linum usilalissimum) which is culti¬ 
vated throughout the temjierate zone, the chief sources of jiroduc- 
tion being Russia, India, and the United States. Flax cultivation 
in the United States has moved westward with the develojiment 
of farm land and the territorial sjieciali/.ation of crops. The trend 
is now toward the northwest, and it is exjiected that within a few 
years the whole croj) will be grown in Minnesota and the Dakotas. 
In this countr}' the flax is cultivated chiefly for its seed. 

The seeds are flattened, ellijitical oval, jiointed at the lower end, 
Smooth, shining, and of different shades of brown. They are 3 to 
4 mm. long, 2 to 3 mm wide, and about J mm. thick. 'Fhey aje 
produced in a ten seeded globular capsule, which either remains 
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dosed at maturity or in some forms opens suddenly, scattering the 
seeds. Unlike cotton, flaxseed contains beneath the shell a hard 
layer of endosperm surrotinding the embryo. This layer, however, 
is comparatively thin, and the ftil is derived principally from the 
fleshy, oval, or narrowly heart-shaped seed-leaves (cotyledons) which 
it encloses. The vuler.layers of the seedjcoat become transformed 
into a mucilage when moistened with water, which gives the seeds 
their principal medici^jal value. 

The seeds contain 30 to 35 ptT cent of oil, 20 to 28 per cent of 
which is obtained by ])ressLWt» (fr extraction. Cold pressure yields 
20 to 21 ])er cent, and the oil thus obtained is used in Russia and 
I’oland as a substitute for lard and butter in cooking. It is of a 
pale yellow color, and has a rather pleasant taste and smell. The 
warm-pressed seeds give from 27 to 28 j^er cent of an amber-colored 
oil, which has a stronger and somewhat acrid taste. 'I'he oil from 
fresh flaxseed is sticky and turbid; hence, as a rule, seeds are pressed 
from two to six months old. Linseed-oil is rather thickly fluid, 
rai)idly absorbing oxygen, and becoming thicker, then dry and 
hard, when exposed to the air. Tt therefore belongs to the group 
of drying oils, of which it is the most important. 

The ])ress-cake is used as a cattle-food. Linseed-oil is used 
chiefly in the manufacture of paints, varnishes, ])rinter’s ink, oil¬ 
cloth,' etc. 

Cottonseed-oil.*- -Cottonseed-oil is the most valuable product 
of cottonseed which yield under the usual treatment the following 
average amount of products per ton of seed: 


Pounds. 

Crude oil. 

Cake. 7 .SO 

Lint. 20 

Hulls.-.800 

Loss or waste. 120 


Total. 2000 


For many years cottonseed were considered of use but to plant. 
Thousands of tons of this seed were annually burned or dumpcftl 


* Sue Cottonseed Produc ts,” by 1 - L. Lamborn. 
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into the rivers. But ^t last it was shown that cottonseed were 
not only valuable as a fertilizer and fecding-stulT in their crude state, 
but w'crc capable of furnishing products fhat arc among the most 
important elements in our national* economy. The oil is the main 
product, and is used for a great variety bf purposes. The residue 
after the removal of the oil is a valuable fcriilizecrand feeding-stuff, 
the hulls excellent fuel, the ifshes of the hulls a fertilizer rich in 
potash and phosj)horic acid, and the refuse^ from the oil refining 
valuable stock for the manufacture of soaps. Thus a vast mass 
of material which was once looked* w{)on as necessarily a waste 
product has become of ver}' great commercial value. 

As it comes from the gin, upland cottonseed consist of the seed 
proper .and the soft down which adheres closely to the seed-hulls. 
This down, known as “linters” to distinguish it from the longer 
fibres which constitute the lint of commerce, dftes not need to be 
removed from that portion of the seed which is reserved for planting, 
although dclinting, besides }'ielding a ^'aluable commercial prod¬ 
uct (linters), makes the seed easier to handle and retards fermen¬ 
tation. 

As received from the gin the seed are mixed with more or less 
foreign matter constituting the waste, which it is necessary to sepa¬ 
rate. The seed are first passed through a reel, or revoh ing screen 
of wire netting or perforated metal, whereby sand, cotton-bolls, 
sticks, etc., are removed. Cleaning seed should be a thorough 
process, otherwise any foreign matter, as fragments of iron, allowed 
to remain may injure machinery used in subsequent stages. From 
the sand- and boll-screen the seed pass to the delinters, which 
are similar in construction to the ordinary cotton-gin and serve 
to remove the “linters” previously described. From the delinters 
the seed pass to the hullers, which hull or decorticate the seed. 
By use of a screen similar to the sand- and boll-screen, the meats 
and hulls are separated. The meats are now conveyed to the 
crushers, which serve to reduce them to flakes, whereby the oil-cells 
are ruptured and the mass reduced to a uniform consistency. 

^ After this crushing the meats drop into a conveyor, which delivers 
them to the heaters. These are large cast-iron steam-jacketed 
kettles provided with stirrers which keep the meats moving while 
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they arc being cooked. The duration of the cooking varies from 
twenty to thirty minutes^ according to the condition of the kernels 
and the good judgment of the cook, a human quality here called 
for the first time to supplement the automatic mechanism that has 
conducted the seed to thi& point through all the various processes 
it has un<Jergone’in its journey from the seed-house. The object 
of the cooking is to expand the oil in the meats and render it more 
fluid, to coagulate the* albumen, and to drive off the water, which 
not only reduces the quality of tlje oil, but is liable to work serious 
injury to the expensive clotHS used to envelop the cakes in the 
press. Very dry meats may sometimes be cooked in twelve to 
eighteen minutes, while fresh seeds may rcijuire forty-five minutes. 
Close to the heaters stands the “former,” which shapes the meats 
into cakes for the press.- The cakes as they come from the former 
are wrapped in haiF-cloth and removed by hand to the press, where 
they are arranged in a .series of boxes, one above the other, between 
the plates of the press, and subjected to a pressure of 3000 to 4000 
j)ounds to the square inch by hydraulic power. The cakes, pressed 
as .solid as boards, are taken from the jiress, stripped of the cloths, 
and stacked to dry. When dry they are passed through a cake- 
cracker, which breaks them into fragments of a size suitable to be 
fed to a mill. The mill grinds these fragments into a fine meal, 
which is j)ut up into sacks containing too pounds. Sometimes the 
meal is bolted to separate it from small pieces of the hull, which, 
being tough and leathery', arc not readily ground up. 

Thi crude oil as it flows from the press is conducted to storage- 
tanks or to the filter-press, where foreign matter, chiefly meal, is 
separated by .sedimentation or filtration. 

Crude cottonsccd-oil is a thickly fluid, deep red to almost black 
oil, the quality of which is determined by the quality of the seed 
and the skill used in their manipulation. It is contaminated by- 
moisture, albuminous and mucilaginous matter of the seed and 
by coloring matter. The value of the oil is determined by the loss 
on refining which loss includes, besides the depreciation in volume 
from the separation of the non-oleoginous matter just mentioned, 
the separation of the free fatty acids of the oil. Commercial 
caustic soda, 74°, is the common refining agent, and is used in solu- 
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Fig. i8.— Diagram Showing Products Obtainable from Cottonseed. 
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tions of varying* densities and i)roj)ortions, according to the 
character of the crude oil. 

Refining consists in »gitating by an air-blast in a kettle of about 
125 barrels capacity, a \veighcd»ciuantity of the oil with the caustic 
lye, the density and proDortion of which having been previously 
determined by a, refining test on a sample of the crude oil to be 
refined. *rhe procedure of refining is as follows; The crude oil 
to be refined should be weighed accurately and a sample taken 
from the same for t^e refining test, the crude oil in the meantime 
having been transferred to Jllje#it‘fining kettle which has previously 
been thoroughly cleaned. In pipe connections and construction 
the refining kettle is similar to the ordinary soap kettle. The oil 
then should be heated to 85° Fahr. and the causlic-s(xla solution 
of reiiuircd (luanlity and strength is added, meanwhile keeping 
up vigorous agitation.' The more cjuickly the lye is added the 
better. Care should be taken while adding the lye that it is uniformly 
distributed over the surface of the oil. For this purposi? a per¬ 
forated criss-cross ])ipc supported over the surface of the oil is used. 
After the lye has been added, the mixture should be agitated vigor¬ 
ously for about ten minutes. Then ajijily a gentle heat, through 
the medium of an open steam-coil, heating to about 125° Fahr. 
While doing so agitate the oil gently. The time from the addition 
of the caustic-soda solution to the attainment of the maximum 
temperature, viz., 125° Fahr., should be at least fifteen minutes. 
There is no objection, however, to taking longer time than this. 
Agitation should be continued gently, until there is a disposition 
on the part of the imj)urities to curdle. Then agitation should be 
discontinued and the contents of the kettle allowed to stand until 


the impurities su]:)side. The sediment consists of the coagulated 
albuminous and muscilaginous matters of the oil, with much of 
the coloring matter, in. intimate admixture with soda soap of oleic 
acid, together with that portion of the caustic*sorla solution added 


in excess. 


This material is the raw material of cottonseed-oil 


soap-stock. After sedimentation has been effected and the oil 
cooled to a satisfactory tem{)erature, the clear supernatant yellow 
oil is siphoned off by means of the swing joint pipe to the finishing 
kettle where it is washed free of alkali at a temperature not exceed- 
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Fig. 19.—Apparatus for Refining Cotlons'-cd-oil. 
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ing 100° to 105° Fahr. After the first washing, the wash-water 
is withdrawn from the bottom of the kettle until oil comes; then fresh 
water should be added arid while adding the water the oil should be 
kept in thorough agitation by nfbans of the air-blast. The water 
should not be colder than ioo°-io5° Fahr. After all traces of 
caustic soda have .been ^separated by washing and the water settled 
out, moisture should be further abstracted by applying ^steam to 
the closed coils and heating to a temperature not exceeding 125° 
Fahr., agitating all the time. Should difficulty be experienced 
in removing the last traces .of ^ater, the addition and thorough 
admixture of powdered plaster of Paris is recommended, the amount 
used to be determined by the amount of water retained by the oil. 
The determination is best made by taking small samyilcs of the oil 
and treating it with the plaster of Paris and filtering. After agita¬ 
tion with the plaster of Paris has been conducted for a sufficient 
length of time, the oil is filter-jiressed. Oil flowing from the filter- 
])ress, after the foregoing procedure has been followed, should be 
ready for barrelling as jirime summer yellow oil when made from 
pride crude. 

According to the rules adojited for the government of transac¬ 
tions in cotton-seed products, cotton seed, crude oil and refined oil 
are classified and graded as follows: 

Cottonseed shall be divided into two classes: Prime seed and 
off seed. 

(1) Prime seed shall be clean, dry, sound seed, free from dirt, 
trash and bolls. 

(2) Off seed—Seed not coming up to the requirements of prime 
seed snail be considered off seed. Off or damaged seed shall be settled 
for on its merits and comparative value as against the value of 
standard prime seed. 

Crude cottonseed-oil shall be classed and graded as follows: 
Choice crude oil must be made from sound decorticated seed; must 
be sweet in flavor and odor, light in color, free from water and set¬ 
tlings, and test not over i per cent of free fatty acids; shall produce, 
when properly refined, choice summer yellow oil, at a loss in weighj; 
not exceeding 6 per cent for Texas oil, and at a normal loss for oil 
from all other parts.of the country. 
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Prime crude cottonseed-oil to pass as prime must be made from 
sound decorticated seed, must be sweet in flavor and odor, free from 
water and settlings, and must produce pfime summer yellow grade 
by the usual refining methods, with a normal loss in weight, provided 
the oil shall not be rejected for a nominal amount of settlings; but 
reasonable reduction sha,ll be made in valije for all such settlings 
in excess of one-quarter of i jK'r cent of free fatty acids, not to exceed 

per cent. „ 

Off Oil—All oil neither choice nor prime shall be called “off” 
oil, and shall be sold by sample. • •> f 

Refined cottonseed-oil shall be classed and graded as follows, 
summer yellow only being considered. 

Choice must be sweet in flavor and odor, of light straw color, 
clear and brilliant in appearance, free from moisture and must bleach 
to a choice white. »' 

Prime must be clear, sweet in flavor and odor, and of yellow 
color, not reddish, free from water and settlings. 

Off to be cla.s.sed as off refined: All oils having any objectionable 
flavor or odor. Off yellow oil to be of a yellow and not a reddish 
color. 

A tank (tank car) of colton.seed-oil for contract purpo.ses shall 
be 125 barrels. A barrel of oil, if sold loose, is fifty gallons. A gal¬ 
lon of oil is seven and a half pounds avoirdupois. 

Crude cottonseed-oil may be sold either loose or in barrels, as 
agreed between seller and buyer. If in barrels, they shall be good, 
iron-bound barrels, properly silicated, or thoroughly steamed and 
cleaned refined petroleum barrels. Packages must be in gotxl ship¬ 
ping order, and contain not less than forty-eight gallons each. 

All .summer yellow oil not graded as “off” is the raw material 
for the preparation of edible products. OlT .summer yellow oil is 
the grade used in soai)-manufacturc. 

Cottonseed-oil Soap-stock.—.\fter the removal, through the 
.swing-joint ifif)e of the relining-kettle, of the clear, suf)ernatant 
yellow oil, the sediment in the bottom, consisting of the non-oleagi- 
nous matter of the crude oil, together with the soda-soaj) of oleic 
acid mixed with uncombined oil and caustic sf)da-.solution, may 
be transferred to a special kettle or tank reserved for this purpose 
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where it is heated lip, and the free oil rising to, the surface is skimmed 
off and returned to the crude-oil tank. The preparation of market¬ 
able soap-stock from this material comprises a series of salt-washes 
to discharge the coloring mattdt. The method of treatment de¬ 
pends upon the utilization of the material. If the soap-stock is to 
be worked into sojip ob soap-powder at the place of its production, 
the procedure followed is a part of Hbc kettle-room j)racticc. If it 
is to be marketed at 4)nce as soap stock the procedure followed as 
stated before comprises washing with brine under suitable conditions 
to discharge the organic impirities and coloring matter. After the 
removal of the greater part of the uncombined oil by heating up the 
mass, settling and skimming, as already described, the residual 
mass is transferred to the soap-kettle where it may be allowed to 
accumulate. Unrefined. cottonseed-oil soap-stock is analogous to 
the nigre of soap-manufacture and its treatment is along the same 
general lines as that to which the nigre is subjected. In boiling 
up the soap-stock the excess of caustic soda, which settled out in the 
refining kettle in admixture with the organic sediment, is absorbed by 
the free oil. There remains a soap mixed with more or less free oil, 
and highly contaminated with organic impurities. The soap is 
grained sharply with dry salt and the very foul lye which is separated 
is discharged into the sewxT. The number of salt-washes to which 
the soap is subjected depends upon the degree to which it is con¬ 
taminated and upon the color desired in the finished product. After 
withdrawing the wash-w'ater, fresh water is added, with constant 
boiling, until the soap just closes. Dry salt is again added to jiro- 
duce the desired grain and the separated jiickle containing the dis¬ 
charged impurities is withdrawn as before. 

The impurities may also be discharged by settling the soap, 
whereby a nigre is formed, w^hich while it contains some .soap, also 
contains practically all of the organic impurities. Settling the soap 
for this purpose may cither precede or succeed a series of salt-washes. 
If the soap is settled at once, after the contents of the kettle have 
.siood sufficiently long to form a nigre, the latter may be run into the 
sewer until good soap comes. The .soap thus purified may be 
either barrelled at once, or subjected to a pickle-wash, after which 
it is barely brought to a close and then barrelled. 
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According to rules governing transactions in cottonseed prod¬ 
ucts, all sales of soai)-stock, unless otherwise agreed upon between 
buyer and seller, are on a basis of 50 pef cent of fatty acids, not 
to fall below 40 ])er cent. If containing less than 40 per cent, 
soap-stock is not considered merchantaWe. As will be clear from 
its method of prod net ioi?, soap-makers’ yif.*kl does not apply to 
cottonseed-oil soap-stock. The yield from this stock dci)ends upon 
the percentage of fatty acids, the great(‘r tljis ])er cent the lower 
as a rule is the degree of hydration, and upon the percentage of 
free or uncombined oil. * « f 

The color of cottonseed-oil soaj) stock varies from yellow to 
brown according to its degree of j)iirification, which treatment 
likewise determines the odor. Both color and odor are character- 
Lstic and betray the origin of the stock in about all detergents con¬ 
taining it as an ingredient. f 

Corn-oil.—In addition to the use of maize or Indian corn as a 
food, in the raw state for animals, anfl ground, as corn meal, for 
man, it is the raw material of four im])ortant manufactured products, 
viz., whiskey, alcohol, glucose, and starch, in all of which tlie 
embryo, or germ of the corn kernel is a by j)roduct. 'Fhe grain of 
corn consists of an exterior covering, or hull, enclosing .starch which 
in turns surrounds the embryo, or germ. This germ contains the 
oil, in which it is pre.sent to the extent of about l>cr cent. 'Idle 
average composition of maize or Indian corn is as follows: 


I’rr cent. 


Carbohydrates (starch therein 54.S j)er cent).. 71.22 


Albuminous substances. 10.46 

Ash. J.52 

Water.:. ii.6o 

Total. .j 00.00 


The chief and at j)resent the only commen ial .source of corn- 
oil is the starch and gluco.se industries, in which it is obtained in 
the following manner: The shelled corn is first steeped in water 
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at 150° Fahr. for three to five days, whcrcUy the hull is loosened 
by swelling of the grain. Sulphurous acid is added to the water 
to check fermentation. *The softened kernels arc next crushed 
between rollers, whereby the huTls are sejiarated from the starch 
and germs which remain whole and of about the size of a 
grain of rice. By mea-ns of a “ degerminator ” the broken corn 
is separated into starch and hulls Snd germs in virtuo of their 
different densities. T|je germs iloat upon the surface of the water 
and are removed and dried. The dried germs are then ground 
or crushed, cooked and form*fl*ihto cakes which are then subjected 
to ])ressure in a hydraulic press, after the manner of cot ton seed-oil 
extraction. The crude oil is dark colored, being heavily charged 
with albuminous matter. On refining it yields a bright yellow 
oil which may be further refined to the almost complete absence 
of color. It ])ossetses drying j)ro])erties sufficient to recommend 
it as a jiaint oil for s])ecial purposes. 'Flie odor is characteristic and 
more jiersislent than that of cottonseed-oil. The source of corn- 
til is abundant. 'Fhe extent of its use and its commercial position 
among the seed-oils of the United States will be determined by 
com])etition with cottonseed-oil. 

Cocoanut-oil. — Cocoanut-oil appears in the markets of the 
temjx-rate zone as a soft white fat of characteristic taste and odor- 
Jn tropical countries it a])pears as an almost water-white, rather 
turbid, oil. Quotations are for three grades, viz.. Cochin, Ceylon, 
and C(<])rah-oils. "Fhe terms Cochin and Ceylon refer primarily to the 
geograj)hical origin of the fruit and do not strictly indicate relative 
quality. Co|)rah is the sun or kiln-dried ])ulp of the fruit; the same 
term is a])])iie(l to oil expressed fnmi it. It is of the lowest quality. 
It has been suggested that the relative quality be indicated by the 
terms “white,” “prime,” and “yellow,” instead of, as at present, 
by the territorial designation stated above. Cochin cocoanut-oil is 


considered generally as of superior quality, although Ceylon oil of 
equal (juality is frequently recei\’ed; also Cochin oil is often of the grade 
commonly assigned Ceylon. Cochin cocoanut-oil is obtained 
from fruit grown in the province of Cochin China and adjacent 
territory and the Philippines. Ceylon oil is obtained from the fruit 
grown on the island, of Ceylon. Coprah-oil may be of either geo* 
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graphical origin. Both the dried fruit and the oil are important 
products of the Philipj)inc Islands. In Cuba the industry was at 
one time in a flourishing condition and itfis expected that with re¬ 
newed attention the American demand may be supplied from this 
source. , 

The cocoanut is the fruit of the cocoa-palm of which thirty species 
ha\'e been discovered and cjjvssified. With each variety the fruit 
varies in size, weight, shape and in the percentage of fibre, flesh, etc. 
^'hc chief species are the Cocus imcijcra and the Cocus hutyracea 
which furnish the greater part 64 jh|* cocoanut-oil of commerce. 
Th(‘ cocoa-palm is native to the trojiical zone and is cultivated ex¬ 
tensively in Central and South America and West Indies, but it 
is in Asiatic countries that the tree flourishes most luxuriantly and 
from which our chief supplies are obtained. Botanically the fruit 
is a drupe, generally ovoid in shape and as large as a man’s head. 
The shell, or endocarj), is bony, is jiierced at the base with three 
holes and encloses at maturity the white compact jiulp from which 
the oil is expressed. What we are familiar with as the cocoanut 
is covered in nature with a fibrous mass from which mats, rojies, 
carpets, brushes, etc., are made by the natives. It is estimated that 
the kernels of 500 nuts give an average production of one hundred¬ 
weight of oil, and the kernels of 240 nuts produce about one hundred¬ 
weight of coprah. Reduction of the fresh fruit and its comjiression 
to .separate the oil are carried out on the same general lines as are 
crniiloyed in the manufacture of all seed-oils, although in regions 
where modern oil-mill machinery has not been introduced, the most 
primitive methods are used. As a result of its jieculiar chemical 
composition, cocoanut-oil quickly becomes rancid on exjiosure. In 
regions deficient in shijijiing facilities, or where the fruit is intended for 
export for oil-expres.sion, it is customary to break the bony envelope 
and allow the pulp to dry either spontaneously in the sun or by arti¬ 
ficial heat. This product is the coprah of commerce. From its 
mode of preparation an inferior quality of oil is naturally to be ex¬ 
pected. 

The average free acidity of a number of lots of coprah-oil was 
found to be 8.40 per cent, while a similar average for Ceylon oil was 
7.15 per cent. 
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The Rupcriorily of Cochin cocoanut-oil ov^'r Ceylon oil is due to 
the suy)erior whiteness and (juality generally of the Cochin coprah 
as com])arcd with Ceylon*co])rah. 

]t is not supposed that the Coclfin cocoanuts are better than Ceylon 
nuts, but that the superioMty of the Cochin oil may be attributed 
solely to the better*climjite, and to lh<' su])(;riority of the pre])aration 
of the co])rah from which the oil is m;^le. 

Cocoanut oil is rarely adulterated, any so])histication being 
easy of detection. Refined cocoanut oil is used to some extent 
as a cooking oil. It is also#iAdll to .some extent as raw material 
for candle-.stock. Its chief consumjitive outlet is the .soap industry 
in which in the United States it is u.sed in large (|uantilies for lloat- 
ing, milled toilet and certain high-grade laundry and scouring fsand) 
soaps. 

Palm-oil.—Paln»-oil is expre.s.sed from the perlcar]) or fleshy ])or- 
tion of the fruit of thi* Eheis ^('uincernsis and E/cds Afrlanococca, 
native along the west or gold coast of .\frica. Here the palm grows 
111 immense fore.sts where for centuries the fruit has rotted unused 
upon the ground. The tree has never been made the subject of 
.sy.stematic cultivaticm. It begins to bear in its fourth or fifth year, 
increasing its yielfl until the fifteenth and continues to bear for 
it least .sixty years. The fruit is about the size of a .small j)lum 
and grows in thickly clustered bunches. A single tree will bear 
from 4 to 7 bunches each year. The fleshy jiortion of the fruit 
is the source of ])alm-oil. The kernels are shi])i)ed chielly to the 
j)ort of Hamburg where they are expressi'd for jialm-kernel oil. 
They constitute the most important article of commerce of West 
Africa and of the German colonies in jiarticular. 

As the jiercentage of oil in the nuts varies with the conditions 
of growth, the yield of oil likewi.se varies from three gallons per 
year per tree in moist soil to one gallon jier year per tree in dry 
.soil. Three varieties of the tree arc distinguished, having respec¬ 
tively orang(‘, red, and dark colored nuts. The first yields the 
finest oil but small kernels; the .second and third le.ss oil but larger 
kernels. When the bunches of nuts are ripi* they arc collected 
and thrown into a hole in the ground until a sufficient quantity has 
accumulated to be inade into oil. During this time the nuts under- 
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go fermentation, producing “hard” oil. Freshly expressed nuts 
yield “soft” oil which brings a higher price in the European mar¬ 
kets. This empirical classification arises from the different 
amounts of free fatty acids, due fo the decomjiosition of the glyce 
ride, in the two grades of oil. The (juality of the “hard” oil is 
also deteriorated by the presence of dirt, to remove which little 
care is taken. The oil is t^.Uracted by jiressure and 'by boiling, 
the latter process being more commonly use^. The nuts are boiled 
until the fibre is softened. They are then heaped in stone troughs 
and beaten with sticks until the 'fibre is loosened. The mass is 
then covered with plantain leaves and left for twelve hours, during 
which time heat is developed and a quantity of oil runs off. I'he 
nuts are then washed in hot water and the fibre si'jiarated and 
.squeezed by hand.. The oil is finally freed from water and 
impurities by .settling and boiling. This jiroi-e.ss is defective at 
every stage and cannot but jiroduce tho.se results that characterize 
commercial palm-oil. The liesl oil is ])rodiiced from fresh and 
ripe nut.s. They should not be allowed to ferment as the oil is 
thereby darkened and caused to harden through the liberation 
of free fatty acids. The final boiling further darkens the oil. 

Fresh palm-oil has the con.sislency of butter, has a dark yellow 
to yellowish red color and a violet-like odor, with a sweetish taste. 
As it readily turns rancid on ex])osure, while its color at the same 
time becomes lighter, it is rarely received in fre.sh condition. 
With its varying degree of rancidity the melting point al.so ri.ses 
or falls. The cau.ses which render palm-oil liable to become ran¬ 
cid more rapidly than any other fat are to be found in the aflmix- 
ture of several readily changeable constituents of the llesh of the 
fruit. Lagos-oil is the inirest known. For every ton of palm-oil 
there should be 2] tons of clean palm-kernels. 

Palm-kerael Oil.-In its chemical com])o.sition and .soap¬ 
making j)roperties, ])alm-kernel oil is clo.sely allied to cocoanut- 
oil. Hamburg is the chief ICuropean port of entry for ])alm-kernels. 
The shells are removed from the seerl and the oil extracted from 
,lhe latter by processes analogous to those used in the manufacture 
of cottonseed, linseed, anti corn-oils. The ])roducts thus obtained 
are i)alm-kernel oil and j)alm-kernel cake which has a high nutri- 
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live value for calllc-fmling. The oil is of varying consistency 
according to the lemjieralure, of white to yelfow color and of agree¬ 
able odor. It soon bet^^mes rancid on ex])Osure. 

Peanut-oil.— The carthnut, groundnut, goober, pindar or peanut 
(Arachis hypogcca), as it is variously called, is a low, somewhat 
creei)ing annual belonging to the bean family. It is native to the 
tropics and has been cuftiv'ated extensjveh’'in Africa, India, the West 
Indies, and the southeastern United States. Only the lowest flowers 
bear fruit, which after IMossoming lengthen their stems which i)enetratc 
the earth for several inches, where the fruit ri])ens. The fruit is 
2 to 3 cm. long and t to 1.5 cm. thick with a furrowed yellowish 
])od, which contains from one to four seeds, one to two being the 
common number. In the United States jK-atnuts are usually 
planted after corn, 2 busliels of seed being used to the acre. A 
sandy loam containing 'some lime is the best soil. 'I'lie crop is 
from So to 120 bushels ])er acre. The ex})ression of oil from i)ea- 
niits does not constitute an industry of any note in the United 
‘Elates. Cottonseed-oil machinery may be used for ])eanuts. Mar- 
Milles is the peanut-oil centre of the world for which su])})lies are 
drawn chiefly from India and East and West Africa. In the manu¬ 
facture of the oil the ])od and husk are first removed mechanically, 
after which the kernels are crushed and cooked jjreparatory to 
jiressing, which is done in the same manner as with cottonseed; 
although the cake is usually reground and subjectecl to a second 
comjiression. The same jiroce.sses of jiurilication are ajijflied to 
crude peanut as to other seed oils. 

d'lu average yield of oil for decorticated nuts at Marseilles of 
the croji of 1899 was as follows: 


Dt'scTii)! ion. 

First 

I’n ssiiri-. 

Srti ind 
I’tcssiirc, 

IVr tV'iU. 

Pit Criit. 

H<>nil)av nuts. 

2S-S0 

10-12 

.\I()/,amI»i(|ui- nul.s. 

.SO 

10.12 

.Sc'iiL'gal nuts. 

20—2 J 

10 


The press-cake is ground for cattle-food. • 

In the face of comiietition from cottonseefl and other sources, 
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it is not probable that the peanut-oil induslr}' will ever flourish in 
the United Slates. With the peanut the oil is the chief product and 
unless cost of production of the raw matcpal can be very consider¬ 
ably reduced, it cannot compete, successfully with a by-product. 
The chief consumptive outlet of the peanut in this country is as a 
food for which ui)wards of $10,000,000 are exjiended annually. 
That it possesses higli nutritive value is shown-'by the following 
analyses: ’ 

TAHLE Vll.—ANALYSES OK I’K:\NUTS. 
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The oil is regarded as etjual to olive-oil, and it may be emjikned 
for every jiurpose to which that oil is emjjloyed. This oil forms 
from 30 to 50 ]>cr cent, by weight, of the shelled jieanut; it has an 
agreeable taste and smell, and is more limjjid than olive-oil, which 
it very much resembles. It is sweet, palatable and clear, and, in fact, 
great quantities are used, unknown to the consumer, insti-ad of 
olive-oil. In India, Europe, Hra/il and this country it is used me¬ 
dicinally in j)lace of olive-oil, and it is also employed by manufac¬ 
turers as a substitute for the latter in fulling cloth. As a lighting 
fluid it lasts a long lime, but does not give as clear a light as other 
burning oils. It is a non-drying oil of a light straw color. It is 
used to a large extent in Euroj)e for edible and industrial purposes, 
chiefly soaj) manufacture. 

Peanut-oil soap is the basis of the famous Marseilles white 
soap. Cottonseed-oil is used only in default of j)eanut-oil or when 
the price is against the latter. 

^ Castor-oil. —Castor-oil is obtained from seed of the castor-bean 
{Ricinus communis), a member of the family Euphorbiaceai which 
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furnishes over twenty species of oil-producing plants, most of them 
indij^enous to tropical countries. The castor-bean is a native of 
India, but is cultivated iif many ])arts of the globe. 

The seed of the common largt' seeded variety are oval, smooth, 
and shining, of a gray ground color, irregularly marked with brown. 
I'hey are lo to 20.mm. long, 6 to ]0 mm.J)road, and about 6 mm. 
thick, sliglflly j)ointed at the upper eind, which is provided with a 
whitish, lleshy excrescence (caruncle). They are contained in a 
three-lobed, s])iny ca})su 1 e, each lobe containing one seed. When rijje, 
the ca])sules s])lit from the bytV)*i upward, throwing the seeds to a 
consiflerable distance. The kernel is composed of two thick, fleshy, 
white lobes of endos])erm, which inclose a thin, leaf like embryo. 
A small seeded form is used for medicinal ])urposes, while the large- 
seeded variety furnishes an oil used for lighting and in the making 
of soaps. , 

The shelled seed yield from' 50 to 60 ])er cent of oil, which is 
more than that yielded by almost any other ])lant. The oil is ob- 
t.lined by pressing twice cold and a third time warm, by boiling 
with water and extraction by the agency of alcohol. It soon becomes 
rancid upon exposure lo the air. The oil is extensively used in medi¬ 
cine as a ]jurgative. Also in pomades, for illumination, soap-mak¬ 
ing, for lubricating machinery and in veterinary j)ractice. 

Castor-oil is the thickest and heaviest of the oils, its specific 


gravity being o.gfx; at 53° Fahr. The best grades of the oil are 
colorless and vary from this standard to greenish-yellow in the 
lowest grades. At a temjierature of 4° Fahr. ( — 18° C.) it becomes 
a transparent, yellow, solid mass, liy exjiosure to the air it becomes 
rancid, thick, and at last dries U]), forming a transparent varnish. 
It dissolves readily in its own volume of jiure alcohol and is bleached 
by ex])osure to sunlight. Its use in soaii-manufacture is chiefly 
for transjiarent soap. 

Rosin.—Rosin in its various grades is the solirl residue remaining 
from the distillation of crude turjientinc, or resin, in which in its 
natural state it is dissolved. The oleo-resin is the sap of the jiine- 


tree, the sjiecies of greatest economic importance in the United Stales 
being the pinus paluslris. In regard to the function that the oleo- 


resin, which on removal from the tree forms crude turpentine, per- 
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forms in the plant ccqnomy, it is essentially a waste product and 
plays no part in the processes of nutrition. 

Rosin is an oxygenated hydrocarljon o'l indeterminate composi¬ 
tion and acid properties. It is almost without smell and taste, 
lustrous, brittle, easily powdered, becemes soft at 176° Fahr., 
melts at I94°-2J2° Fahr,, and is of the specific gravity 1.07. It 
varies in i^olor from jierfcct transparency to black. 

The naval stores industry comprises the r|;covery and sale of the 
products of the ])ine. The statistical year begins April 1st, and ends 
]\larch 31st. The box-cutting seakon. begins November 15th, and 
continues to ISlarch j sth, according to the law of (leorgia, although 
the present tendency is to jiostjione box-cutting until the following 
month. The stilling-season begins early in March and continues 
to early December. 

Box-cutting.—This is the first stej) in lur])eMtine operating, and 
emjiloys the turpentine labor during the winter. The box is a cavity 
14 inches wide, 7 inches dee]), and 3^ inches from front to back, 
cut into the base of the tree by means of a long, narrow ax. This 
box has no other function than that of a receptacle for resin. Two, 
three, and sometimes four, boxes are cut in the larger trees. In the 
small trees the box is necessarily smaller, although larger relatively 
to the size of the tree. 

Cornering.—Box-cutting is followed by cornering. This is done 
with an ordinary ax, a right-handed and a left-handed man work¬ 
ing together. ;\ slanting cut ih made through the bark and about 
I inch into the .sa])-wood, the cut rising slightly from the toj) of the 
back of the box to a point ])er])endicularly above the corner of 
the box. By a side blow with the ax the wckmI is then s])lit out 
between the cut and the rounding edge of the back of the box. 
The object of cornering is to provide a suitable surface for the 
sub.sec|uent scarification of the tree, and to direct the resin into the 
box. 

Chipping.—In early sjiring the “chijijjing,” or scarification of 
the trees, begins. It is continued weekly until November, and 
serves to ojien fresh resin ducts. The work is done by means of 
a ‘‘hack,” a tool consisting of a flat steel blade in the form of the 
letter U. This blade, .sharpened along its under edge, is fa.stened 
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by moans of a shank, at a right angle, into a wooden handle 
feet in length, on the end of which, to give greater momentum to 
the stroke of the “hack,”^s set an iron weight of from 5 to 7 pounds. 
The “chipper,” standing squarely in front of the box, removes 
with the “hack” a strip‘of bark and sap-wood three-fourths of 
an inch wide just* abo\ic the exposed surface produced by corner¬ 
ing, the laterally-inclined strokes beilig made from the right and 
from the Icfi sides anjl ])enetrating the sap-wood about i inch at 
the deepest ynant. The freshly-exposed surfaces of saj)-wood 
called the “streak,” meet jwsJ* above the centre of the box. The 
angular ])oint thus formed is known as the “peak.” The dis¬ 
tance of the “streak” from the box increases with each weekly chip¬ 
ping. When the distance from the box is too great to atlmit of easy 
reach with the “hack,” .another tool, the “puller,” is substituted, 
the result being the same in each case. Thirty-two streaks or 
chipj)ings constitute a full season’s work for the chij)j)er. 

Dipping.—Immediately after chij)ping the fresh resin apj)ears 
.111(1 flows slowly into the box below. The flow is most rapid during 
the first two days after chiyiping; it then grows gradually less until 
after six or seven days no further flow takes place on most of the 
trees. At intervals of three or four weeks the resin in the boxes, 
called “dip,” is transferred to large buckets by means of a flat 
metal instrument set on a long handle, and called a “dijijier, ” or 
“dip” spoon. From the buckets the dip is emptied into barrels 
placed at suitable intervals. The filled barrels are then hauled 
to the distillery, or “still.” 

Scraping.—At the close of the chipping season the resin which 
has hardened on the exjiosed “face” of the tree, called “scrajie,” 
is n'lnoved by a shaqicned flat tool and collected in barrels for 
distillation. This scrap contains ajijiroximately one-half as much 
spirits of turjientine as the dip from the boxes. 

Raking.—After the trees have been scraped, each is “raked.” 
This is a measure of [irotcction against the annual burning of the 
grass, fallen pine-needles and undergrowth, which commonly occur 
throughout thc.se forests. It is done by clearing of everything 
combustible a s])ace of at least 3 feet around each tree, the tool 
used being, not a rake, but a broad hoe. This annual raking is 
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a considerable item of expense to the operator; in sjiite of it, boxes 
are frequently burned out by the grouiyl-fires. 

The Crop—The working un^t in turpentine operating is the 
*‘crop,” a tract of timber extending usually over an area of from 
200 to 250 acres, and containing from S,ooo to 10,500 boxes, the 
number of boxes averaging two to the tr^^e throughou! the croj). 
The chii)ping of a crop constilules the weekly task of one chij)per. 
Usually the supervision of the work on fr(fm ten to fifteen crops 
is intrusted to one “woodsman.”^ 

Drifts.—For convenience the area of the cro]i is subdivided into 
“drifts,” the limits of which are marked by lines blazed on the 
trees. The number of boxes in each drift varies between wide 
limits, though formerly 2,100 boxes constituted a drift. 

Distillation.—One 25-barrel still sutlices for the distillation of 
the jiroducts collected from twenty-the crops. * 7 'he clij) or scrajie 
is jilaced in large copper stills, hc'ated by direct flame from below. 
During distillation a stream of water flows into the still, from which 
the volatile spirits of turpentine are carried over, mi.xed with 



Fig. 20. —^Rosin and Turpentine Still. 

steam, into a large copjier-worm, where they are condensed. The 
lion-volatile rosin (colophony) remaining in the still is drawn from 
a tap at its lower edge into strainers, which remove chijis, bark, sand, 
etc., the clear rosin jiassing into a vat below, from which it is dijiped 
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into barrels to cool and solidify. The rosin*from first-year (virgin) 
dip is pale yellow; tha^ from the later years of working is much 
darker. Pale rosins bring a niuch higher price than the darker 
or common rosins. 

Turpentine gathering,‘as now conducted in the United States, 
is needlessly destructi^ of the forests and needlessly wasteful of 
the product. The method, under tfie box-system now universally 
employed, is to chop in the base of the tree itself a cup-like cavity, 
the sole purpose of which is to receive the resin which flows from 
a scarified face of the trunk*above it. The box itself does not add 
to the flow of turpentine; on the contrary', experiment has proved 
that it diminishes the flow. It is an unnecessary wound driven 
into the bofly of the tree at its most vital spot, both weakening its 
vigor and lessening its power to support the strain of the wind. 
At the same time ft opens the trunk to disease and provides a store- 
h )use of lombustibles against the coming of the forest’s great 
enemy—fire. A forest which has been heavily turpentined by this 
method has before it only decay and death. 

Rosin occurs in a number of grades with the quality usually in¬ 
dicated by letters as follows: 

W. W.—Water White 
W* ( 1 .- Window Glass 
N.- -Extra Pale 
M.—Pale 
K.—Tmw Pale 
1 .—Good No. 1 
H.—No. 1. 

The grade of rosin is determined by the age of the “ box” in which 
the crude turpentine is collected. W. W. and W. G. grades result 
from the distillation of the “virgin dip,” or the first year’s run; 
and with each subsequent year the crude turjientinc collected from 
the same “box” becomes darker, less transparent and less fluid, 
until the fourth and last year it is very dark in color and yields on 
distillation the lowest grade of rosin. • 

A barrel of rosin varies greatly in gross weight, viz., from 250 
to 600 pounds. Orx breaking up rosin at the factory, the staves, 


E. -Good No. 2. 

E.—No. 2. 

D.—Good Strain. 

C.—Strain. 

B.—Common Strain. 
A.—Black. 
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hoops and heads run from 15 to 20 per cent of the gross weight of 
the barrels. Quotations for rosins are for 280 ])ounds gross (no tares) 
and for rosins in lines as received bv the factors, or brokers, in the 

f ' 

naval stores yards on the river-front at Savannah. Factors do not 
select grades, but sell in the full lines as "receiA ed by them. Buyers 
at the chief centres carry large stocks and befjuehtly carfy dilTercnt 
grades of. rosin several months before disj)osing of tliem. In the 
I)rices of rosins intended for cxj)ort, interest, «-;torage charges, insur¬ 
ance, handling, etc., enter. There is much dissatisfaction among 
all consumers of rosin, and s})irils 0} t'ui*()entine as well, with the trade 
methods j>eculiar to the naval stores industry. 'J'his dissatisfaction 
among consumerr of rosin arises from: 


(1) Unintelligible and incorrect marking of jiackages; 

(2) False grading and fraudulent i)acking; 

(3) Excessive weight of unneces.sarily cuml)eri>ome containers; 

(4) 'I'he arla'lrary and senseless unit of weight (420 pounds, 
400 i)ounds, 280 })oun(ls, including ])ackage according to locality 
of origin). 


I’he distinct bianding of every ])ackage with the names of the 
producer and factor, together with clear weight-marks would fix 
the responsibility for fraud, error, or excessive weights. 

'Fhe industry has been memorialized on dilTerent occasions 


by consumers of rosin in convention, to adopt a standarrl package 
with reasonabl}' light staves and that the tare be branded thereon 
and to adopt a jdan of billing rosin by the 100 ])ounds net. 

A writer in an early number (about 1882) of the Soap maker's 
Journal which was later absorbed by the Oil, Paint, ami Dru}’ 
Reporter, presents the subject of rosin tares in the following words: 

“As the consumer is e.xpected to pay so much for each 280 j)()unds 
of rosin and wood, it is not only very es.sential that the wood jiart 
.should be as light as po.ssible, that is, that the j)ackages shoukl be made 
of thin staves bound by light-weight hoops; but it is imj)ortant that 
the packages should be filled fairly to the toj). In the case we s])eak 
of, many of the jiackagcs were only three-ijuarters full and a very 
liirge number were not over seven-eighths full. If the consumer jiaid 
the full rale per 280 [lounds, he would be paying for a considerably 
larger amount of wood than was actually reipiired for the jiackages. 
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He should not, in justice, be compelled to pay for :iny part of the 
staves, which could be ^awed olT above the heads without injury 
to the packages. The reader can more easily see the justice of the 
claim by supposing the case of a barrel of rosin which, when full, 
would weigh 350 ])()unds.“ Jt would contain say 300 pounds of 
rosin, and ^t $3 per-barrel would make the rosin cost 1 cent j)er pound. 
Now suppose the same package to be only one-half tilled. We 
would find the weight 4o be 200 })ounds gross, or 150 pounds rosin, 
and at the same price per barrel the rosin would cost 2 cents per 
])ound. Probably the most ignorant purchaser in the country would 
think he was not being fairly treated if he were to find he had 
])urchasefl a lot of rosin in Ijarrels only one-half full; but there arc a 
great many very smart and intelligent soa])-makers who nt'ver think 
of making a claim on rosin when the packages are but seven-eighths 
full, and yet the dMuclion for .ullage should be very considerable, 
as we can readily jirove by sim])le comj)Utation. Taking 350 jiounds 
as the gross weight of a barrel when filled, or 300 ])ounds net of rosin, 
w« find that if seven-eighths full there would be but 262A- pounds 
rosin net. Su])])osing the rosin to cost $3 per barrel we have the 
following rc'sult: 



(iP iss. 

I'luitids, 

Net. 

Cl I.St 

I’er J’ouinJ. 

Wlicii full. 

?,>o 

300 

1 (t. 

When 1 full. 

•O-’l 

2O2.I 

I . 14 (ts. 

If only ■} full. 

1 

-’ 7 .S 

225 

1 tl''- 


“It may be that all of our readers have studied this subject, 
but we have our doubts.” 

Vegetable Soap-stock of Minor Importance. -As the use of 
vegetable oils in general in soajj-manufacture is determined pri¬ 
marily by their parity with animal fats, we find in various countries 
different seed-oils used for this purpose. Palm, palm-kernel, 
sesame, linseed, rape, and sunflower-seed oils, in addition to cocoa- 
nut-oil, arc used extensively in European practice. With ths 
exception of cocoanut-oil these oils are of limited use in the United 
States. These same, remarks are also applicable to the recovered 





Fig. 21 .—Naval Stores Wharf, Savannah. 
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greases used in soap and candle manufacture. Their recovery 
is determined ]jy the rel§tivc commercial parity they may be able 
to hold with the bodies already^ available for these purposes. 

The Alkali Industry.—By the “ alkali industry ” is meant the manu¬ 
facture and sale of the products obtained directly from common salt. 
These com4)rise chiefly ^da-ash, caustic soda, and bleaching-powder. 


T.MILE VIII.—OUTLI!^E OE THE LE BLANC PRO('ESS EOR THE 
MANUFACTURE OF SODA-ASH. 


StaRi'. 

Clii'niical Rractiiin. 

Nature nf the I’nx ess. 

I. 

-NaCl 1 lLSO,-Na;St)^-i- 2 HCl 

Common .salt i.s treated with sul¬ 
phuric- acid with formation of 
(llauhc-r’s salt and hydroc hloric- 
acid gas, which, ahsorhe-d l>y 
water in lead-line'l towers, form.s 
the muriatic acid of tcjmmcTce. 

II. 

(./) Na..S(), + 2 (' -Na..S 1 iCO., 

{h) Na^S-l-CaCOj -Na^Ct>;, t CaS 

(llauber’s salt, coal arul lime.stone 
are heatc-d in suitahle furnaces, 
vcherc'hy crude .soda, or hlack- 
ash, is formc-d, with the libera¬ 
tion of carbon dioxide and 
formation of calcium sulphide, 
or lime- wa.ste, as a by-]>roduct. 

ID. 

The lilark-ash i.s lixiviaU'd uith water 
from solution In' (.rvstalli/alion, 
N;i,.C().„ loILO.' 

and the .sodium carbonate .separated 
witli ten molecules of water, viz., 

IV. 

The cry.stalli/ed soda may come into market a.s soda (rvstals, or .sal-so<la, 
hut i.s usually ealeine*! to e.\j)el water, with the formation of the anhy- 
drou.s .sodium (arboiiate or soda-ash. 


Th(‘ growth of the soap industry is parallel with the develop¬ 
ment of the alkali indu.slry, for the latter means the production 
of a cheap and puie saponifying agent. With the exception of 
the i)roduct obtained by the lixiviation of very impure natural 
deposits of the alkaline carbonate, previous to 1823, the sole com¬ 
mercial source of the carbonates of potash and .scxla was the .sea¬ 
weeds, barilla, and kelp. In medical alchemy, “kali,” “natro,” 
and “soda” denoted the same thing, viz., fixed alkali of whatever 
origin. Stahl (1702) first recognized the distinction between alkali 
and natron, or what we now term respectively alkali and common 
salt. Duhamel (1736) establi.shed the distinction between the so- 
galled vegetable and’ mineral alkalis. As a result of the embargoes 
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of the French Revolution, France was cut off from the supply of 
kelp and in 1775 the French Academy of Sciences offered a prize 
for a successful process for converting salt into alkali. Among 
the many methods Dc la Aletlicrie, about j 787, proposed to calcine 
sodium suli)hale with charcoal. This,•however, gave little more 
than sulphide. In 1790.LC Blanc suppliec^ limjestone apd received 
the merits of the invention. In 1791 the French Academy granted 
to Le Blanc a patent for fifteen years, liul buwness reverses fell upon 
him and he never lived to enjoy the results of his ingenuity. In 
1806 at the age of fifty-three he comnfitted suicide in a mad-house, 
the inventor of one of the most important chemical processes in the 
history of the world. 

After the repeal of the salt duties the manufacture (on a large 
scale) of soda-ash by the I..e Blanc jirocess was begun in England by 
James Muspratt in 1823, but it was not until*i854 that William 
(lossagc began the commercial jiroduction of soliil caustic sorla. 
The use of the now common sheet-iron drums was introduced by 
Thompson in 1857. With the recovery of the by-jiroducts, the Lc 
Blanc process is complicated and possesses many sanitary and 
technical disadvantages. 

The “carbonating tower” of the ammonia or Solvay process, 
shown in section in Fig. 22, is built of cast iron rings or segments, 
A A, 3.5 feet high and 6 feet in diameter, to a height of 50 to 65 
feet. In the bottom plate of each segment is a hole above which 
is a perforated dome-shaped diajihragm. Each segment is jiro- 
vided with a cooling-water pipe to counteract the heat of chemical 
action. Ammoniacal brine under jiressure is forced through the 
pipe P; cooled carbon dioxide is forced through the jiijie C in the 
bottom segment. By means of the perforated diajihragms it is 
brought into intimate contact with the ammoniacal brine. The 
precipitated sodium bicarbonate accumulates in the liottom of the 
tower where it is drawn off as a thick, milky liipiid at //. This 
product is evaporated to dryness and calcined as indicated in the 
accompanying outline, II, 'I'ablc IX. 

, The pnxluction of electrolytic caustic soda is based upon the 
principle that when a current of electricity is jiassed through a 
solution of common salt, the latter is decomposed into its constituent 
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ilemcnts, sodium and chlf)rinc\ The success^of the various electro¬ 
lytic processes that have been developed in the past few years 
dej)cnds upon the nature' and eflliciency of the diaphraj^^m used to 
sei)arate these two elements and* the products formed from them. 
In the Castner-Kellner process, which is the most promising and 



is the ore most extensively used in this country at the present time, 
no diaphragm is used and mercury is employed as a movable cathode. 

On an iron ])late (h'ig. 23), sup¬ 
ported at one end on a knife edge, 
and to which, by means of an ec¬ 
centric, K, a slight rocking motion 
may be given, is built a closed- 
in rectangular vessel of slate 

3.3X6 feet, divided into three 

compartments. These compart- Iog. .53.—C astni^rjKeJliKr Eleclrolylic 

ments communicate with each 

other by means of .V-shaped grooves formed at the bottom of 
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the dividing walls; the floor of these troughs is the iron plate 
previously mentioned'. The outer comjiartments suffer the most 
motion during the rocking, and each in itself constitutes a cell for 
the electrolysis of salt solution. /J'he anodes, AA, are of carbon, 
and they are suj)]:)orted in the centre of each of the outer cells; the 
cathode is of mercury, resting on the floor of the vessel, and just 
sufficient rocking is given to^the a]i[)aralus to enable this mercury 
to form, 'at the one time, a thin layer on the floor of the central 
compartment and also on the floor of the other side cells. I'he 
mercury in the connecting groovest^orms lutes which effectually pre¬ 
vent liejuids in any one division escaping into adjoining portions. 

Supported above the mercury in the central comjiartment is an 
iron wire gauze, C, connected electrically with the iron plate on 
which the whole rests. 

To decomjiose salt by this process the two outer cells are filled 
with concentrated brine, and the middle one with a 20 jier cent 
caustic soda solution, which is chosen, since at this strength the con¬ 
ducting jiower of caustic soda solution reaches a maximum. Pas¬ 
sage of the current liberates chlorine at the anode of one outer cell, 
and, at the cathode, causes the formation of a corresjionding amount 
of sodium amalgam. Rocking the apj)aratus causes this amalgam 
to flow into the central com])artment, in which itself becomes the 
anode, the contained sodium being i)artially oxidized to give caustic 
soda, while hydrogen is evolved from the iron gauze cathode. The 
amalgam flei)rived of its sodium flows, as the rocking is continued, 
into one or other of the outer cells, where a further electrolysis of the 
salt solution occurs, and the amalgam formed is again decomjjosed 
as above. 

For constant working the brine in the outer cells must be key)t at 
constant strength, and well circulated to j)revent rise of temperature; 
sufficient water must be admitted into the central decomposing cell to 
allow of a constant flow from this of a 20 per cent caustic solution. 

The resistance of the cell is low, and the efficiency high, about 
80 per cent of the current being converted into chemical energy, 
which is used up in the cell; the electromotive force of jjolarization 
fs, however, high. The caustic soda solution obtained is of a very 
high degrece of purity, and is prejiared directly of a strength of 24° 
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Be.—this is much higher than that of the caustieized liquor of the 
Le Blanc ])rocess. 

The main ])oint to be observed is llic employment of a very pure 
brine; the presence of magnesium (tf calcium salts causes these metals 
to l)e separated from the solution, and to amalgamate with the 
mercury. With the accummulation of these the mercury loses 
its ]){)wer of,running fretly; as the a))])aratus rocks ])atchcs are left 
on the slate bottom, and are ra])idly attacked by the chlorine present 
in the anode-containinj? compartments. It is therefore nece.ssary 
to keejj the mercury clean, and it,has been found advisable on the 
manufacturing scale to thoroughly clean each cell periodically. 

TXUl.K IX —Ol'TLINK OF TIIK AMMOXIA PROC’ESS FOR THE MANIT- 

FAC'I’I RE OF SODA-XSII. 


Sl:inc. 

Krtulmn. j 

Nature of tlie I’meess. 

I. 

NaCI FXH4OII 1 CO. -NalK’Oj t-Nll,Cl 

1 

1 

Aminoniac al solul ion of .salt 
is satiirat(‘<l with carbon 
dioxide in carbonating 
lowers, big. 2J. Products 
.are sodium l>i(arbonate and 
the by-prodiKt ammonium 
chloride. 

Jl. 

jXallCl)., l-(lK'al) = Na.('< ).,-|-l]20 + ('< 

Tlie liicarbonate of soda i.s 
(otiverlecl into the normal 
sodium c'arlK)nate by cal¬ 
cination with liberation of 
water and carbon dio.xide. 

111. 

X 1 l/'l 1- CaC) ■ J 1.0 - jX 11^011 -h ( aCl., 

Ammonium chloride, by-])rod- 
iict of the first siage, is 
deprived of its ammonia by 
trc'atmcmt with limc‘, with 
formation of the waste 
produ't, calcium chloride. 


In 1863, the mechanical difficulties surrounding the i)roduction 
of soda ash by the ammonia, or Solvay process, were overcome by 
Ernest and Alfred Solvay, who at that lime established works 
for its oj)eration in Belgium. Since then works have been established 
all over the world and at the present time the greater jjart of the 
soda-ash consumed is made by this process. 

The i>rinciple of the process is the precipitation of the sodium 
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TABLE X—COMPARISON OF ALKALI M.\NUFACTURING PROCESSES. 

DISADVANTAfiKS. 


1 ^' Blatu 

Cient-ral ((impliialion of 
])r(K'(:ss and troublfsonic 
recovery of bv-])r(Hiucls, 
which have been of 
comi)aralive recent in- 
tnKlucli^n, made im|H'r- 
alive by corapelilion. 
Necessity of assinialed 
sulphuric acid manu¬ 
facture. Lari'e e.vpeii- 
diture of manual labor 
and heat. Preseme of 
im|)urities al>sent in the 
ainnionia-iioda. 


Repairs are of a heavy cha 


Aminimia, or Stilvav.*^ 

Total loss of'ddorine con¬ 
tained in the salt; no 
com ] )letely .Natisf A c torv 

})rocess has as yet bern 
devised to obtain tflis 
from I'he calcium-chloride 
waste, I’nsuilaliility of 
sodium bicarbonate to l)t 
converted into caustic 
.scxla In thc‘jlime process; 
this may, howfver, be 
overcome by the- adop¬ 
tion c)f the Lowig ■‘Fer¬ 
rite" ))rcKes.s, accordinp; 
to which solid alkaline 
bicarlK)aates, in contact 
with ovicle of iron, are 
decc»mix).sc-cl at a brij^hl 
red heal ^\ith evolution 
of c'arbonic anh.vdride 
and formation of an 
alkaline ferrite. Thi- fer¬ 
rite’ is insoluble in cold 
water, but on boiling it 
is gradual!) resolvc-cl into 
caustic alkali and o.\ide 
of iron, which is lilterecl 
off and re-used in the 
proc e.ss. 

uclc-r 


Elc'c-trolytie. 

('om[)arativc-ly high cost of 
installation; as only a 
ver}' moderate current 
den.sity can Ih- used at 
the electrodes of a cc‘11 
in which a salt solution 
is being decomposed, it is 
nc-c e.s.sar)’ to have- a large 
number of cells for even 
a moderate output, with 
the result that cost of 
])lant JKT ton of material 
])roducecl per day is high. 
High rale of clei)recia- 
tion. I'he caustic soda 
and chlorine do not .sepa¬ 
rate neatly and com- 
])lc'tely from the men- 
(slruuni in which they 
have' been formc-d, in 
m.mv of thc' |)ropose(l 
cells; many secondary 
bodies are formed. This 
is not the ca.se, liowc'ver, 
with the t'aslner-Kel'ner 


ADVAKT.Ar.rS. 


Production of h y d r o- 
chloric acid and I 
chlorine therefrom for 
the manufacture »f| 
bleaching-powder. 


I’uriU cjf jiroducl. .Mc- 

sc'ncc of c)lTensi\e by- 
jiroducts ancl cemditions 
of manufac lure Less 

labor e.vpendilure. 


Large output with comjiaralivelv fc'w units of plant 
of large .si/e and of comparati\ely simple construction. 
Repairs are not numerous nor apjdiecl to a great 
number of small units. 


()nl\ common salt and 
walc-r are neces.sarv for 
the produc lion of c austic 
sod.i ancl chlorine', hence 
there is no waste product 
and no necc-ssily of inter- 
mc'diate procc'.s.ses for the 
liberation of chlorine from 
by-prcjdiic Is and for the 
formation of caustic .scxla 
by cau.slici/ation from 
soda-ash. Minimum c'x- 
pencliture of labor and 
heal. Purity of products. 
('leanlinc'.ss of operation. 
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GENERAL CONSIDERATIONS. 


The j)reM‘nt consumption allcili 

amounts to m\ times that of bleachinj;- 
y)o\vcJer. The f(»nmation «)f tliese two 
])roilu(ts in theoretical <|uaritily from j 
salt would yield two tons of blctaih for ■ 
every one of alkali. It is thus \ery e\i- | 
dent that, to satisfy the \vorl 4 >’s demand 
for alkali, tfle manufai lurer must he in 
such >1 ]>osilion that he can allord to 
thri>w away the grc’ater j)art of his 
chlorine, if he cannot do Uiis, he must 
limit his output of alkali to the demand 
for bleach. 


The Le Blanc process depends on the 
chlorine for a large .share of its profit; 
all electrical lJroces.sc-s must do the’ 
.same. The ammoni.i-soda process 
alone can disregard thi.s element, and 
is, therefore, par e.\c c'llenc e, the soda¬ 
making, jirocess of th^- future, and is 
•saie from all comycetition, and such 
com]>etition can only rest lletwc-en the 
l.e lilanc and the various electrical 
methods. 


acid carboniiU* in tin' ammoniacal solution of common sail by means 
of ctirlKinic acid gas. The salt is obtained in solution from driven 
wells; the ummonia is a cokeoven by-jiroduct; the carbonic acid gas 
is obtained in the Tnaniifacture-of lime which is itself u.sed to set 
free the ammonia obtained as a chloride by-j)roduct in the proce.s-s. 
I'he varitnis materials are emjiloyed in a(|ueous solution or suspen¬ 
sion and the ])lants are adajited for the handling of immense (pian- 
tities of li(]uids. 

Caustic Soda. —In the Le Blanc proces.s, caustic soda is manu¬ 
factured from tile black-tish litpior, obtained in stage 111, a> indi- 
c..ted in the cauline, 'Fable VTl I, of the process, by causlicization with 
lime. 'J'ht' density of the licpior must not exceed 13° Be,, or the 
reaction will be reversed by the calcium carbonate being att.icked by 
the caustic soda. 'I'lie reaction of causlicization is e.xpressed by the 
lollowing c‘(iuation: 


Na^n>3 f (Ca(l.HoO) -CaCo;,-b 2Na()Ir. 

(iot>> (74) (100) (So) 

This impure solution of sodium carbonate is heated to boiling and 
the lime added, with agitation bv means of an air-bla.st. When caiks- 
ticizalion is complete, the contents of the vats are allowed to settle 
and the su})ernatant liquor is drawn olT from the lime mud and 
evaporated to dryness and to fusion, the impurities having been, 
largely removed in the meantime by oxidation and fractional crys¬ 
tallization. Nitre is psed to oxidize the thiosuljihate to normal 
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sulphate; zinc oxide may be used to precipitate sulphides in accor¬ 
dance with the following reaction: 

NaaS + ZnO + HgO = 2NaOH+ZnS. 

A sample representing the contents of the kettle is tested for 
total alkali. If found to' be |;>elow 6o per cent quality the contents 
are worked up to that test. If the test indicates the quality to above 
70 per cent the product may be worked into \hc highest grade made, 
or into that grade testing most closely to the contents of the kettle. 
The reduction of (jualily to the grade of caustic desired is effected 
by the addition of salt. 

The molten caustic is run directly into sheet-iron drums. Caus- 
ticization of soda-ash with lime is most complete in dilute solutions, 
as .shown Ijy the following results of experiments carried out by 
Prof. Lunge; 


Per Cent 
NaaCO.i in 

Liijuiir. 

Sji 0, Hefiirr 
CaustiLizinj;. 

Per Cent N 
Cauhtic by 

ijt'( >3 tnadi- 
'J'reatment 

]. 

11. 

2 

I.022 at 15° C. 

yg. 4 

og .3 

5 

1.052 “ “ 

gg.o 

og. 2 

10 

I .107 “ “ 

Q 7-2 

07-4 

12 

].127 “ “ 

gfj.8 

gf). 2 

14 

r . I :;o “ “ 

04 -.S 

05-4 

16 

1 i ( k ) " 30® C. 

0.?. 7 

04-0 

20 

1.215“ “ 

go. 7 

gi .0 


Sixty pounds of pure quick-lime is .sufficient to render caustic 
100 i)ounds of 58 per cent soda, but as lime varies very much in 
quality, and is commonly not pure, more than sixty pounds is usually 
required. The proper way is to te.st the li(|Uor for causticity before 
the boiling with lime is completed. To do this, .some of the liquor 
should be taken out and allowed to settle. I'hen take a little of the 
clear liquor in a test tube and dro]) into it a few drops of dilute sul¬ 
phuric acid. If bubbles of gas are liberated, it shows that more 
Time is required, and the lx)iling should be continued until the clear 
liquor gives no bubbles on the addition of sulphuric acid. 
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Caustidzation of Soda-ash by the Soap-manufacturer. — The 

manufacture of dilute causUc soda solution, upwards of 14° Be., by 
the soap-manufacturer himself is determined by the quantity of 
caustic soda consumed, the amount of the disparity in price between 
the caustic soda in solution reduced to the reejuired density—and 
the solid caustic so(la in/drums, and his appreciation *of the con¬ 
venience and cleanliness of use of the Idtter form. 

The manufacture ^nd concentration of dilute caustic-soda 
solution by the Jobbins process are shown in the followin*; dia<?rams, 
and descriptions. • * 

Commercial Grading of Soda-ash and Caustic Soda. —The sys¬ 
tem of grading alkali, and caustic is based u])on the molecular com¬ 
position of these bodies, and the quotations of the various grades 
in terms resjicetively of 48 ])er cent, alkali and 60 per cent, caustic is 
a vestigial characteristic of the early Leblanc days and an evidence 
of the highest grades of those i)roducts they were then mechanically 
able to produce. The molecular weight of sodium carbonate, NojCO,, 
is 106, composed of 62 parts by weight, or 58.^9 per cent, of NajO, 
the remainder being CO2. A soda-ash that contains 58.49 per cent, 
of NajO is therefore chemically pure, this i)erccntage being e(iuiva- 
lent tu TOO per cent. NajCO^. A 58 per cent, alkali should contain 
58 per cent, of NajO or its equivalent, 99.16 per cent. NaaCO.,; like¬ 
wise a 48 per cent, alkali should contain 48 ])er cent. NajO or its 
equivalent, 82 per cent. NaaCO.^. The reduction of any grade of 
soda to that of 48 per cent, is effected by admixture with common 
salt. 'I’here are present for com])arison two fairly representative 
analyses of these two standard grades of soda-ash: 


Grade. 

Per Cent. Na^CO, 

,. Per Cent. NaCl. Per Cent. Na^SO.. 

48% 

60.64 

28.34 

4-35 


58% 

98.72 

•.S 4 

.20 


Grade. 

Per Cent. NaOH. 

Fj0aAl20,,Si02. 

CaC'03MgC()3. 

up. 

48% 

1.29 

1.12 

Traces. 

4.26 

58% 

.... 

.10 

•17 

.26 

Caustic soda occurs on 

the market in 

a variety of grades and 

sold on 

the basis of 60 

per cent, of Na 

jO. Caustic soda as a 


product of the alkali industry did not arise until thirty years after 
the industry was established in Great Britain, and the expression 
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of its quality in the same terms as that of soda-ash might be expected. 
The molecular weight of caustic soda is 40; to arrive at sodium 
oxide, NajO, as an expression of the customary unit two molecules 
with a total molecular weight of 80 are used. In 2NaOH there 
are 62 parts,or 77-^ percent. NajO, the remainder being H3O. There¬ 
fore a chemically pure caustic soda contains 77^ per cent. NajO, 
or its equivalent, 100 per cent. NaOH. There is for purpose of 
comparison in the following table the perrentage of the essential 
ingredient corresponding to, but never present in, the various 
grades of caustic commonly founJ in "the market: 

Grade. IVr Gent. NaOH. 


6o-(legree 

70 


72 

74 

76 

77 
77 i “ 


77.42 

90.32 

92.90 

95-48 

98.06 

99-35 

100.00 


Sodium chloride, sodium carbonate, and sodium sul})hatc, in 
varying proportions, constitute chiefly the remainder of the ingre¬ 
dients. With the present system of grading ])ased upon the chi-mical 
determination of the total alkali, the Na.O of the Na-^CO, is esti¬ 
mated with the NajO, in terms of which the caustic soda or NaOH 
is expressed. With this method of exj)ressing the (juality of the 
caustic, the soap-maker has just cause for complaint in that a vari¬ 
able percentage of a worthless ingredient is included in the total 
percentage of the essential ingredient present. The following is 
an analysis of a sample of commercial caustic puiqjorting to be of 
74 per cent, quality: 


Total alkali estimated 

as 

Na .,0 . 

.... 74.18% 


Caustic alkali “ 

<( 

ti 

... 69.88% 


Caustic alkali “ 

iC 

NaOH. .. . 


90.18%, 

Combined alkali “ 

It 

Na.,C03.... 


7 - 3 . 5 %; 

Combined alkali ‘‘ 

it 

Na^O. 

..... 4 - 3 ®^ 


Sodium chloride “ 

it 

NaCl. 


2.02% 

This analysis indicates 

sample to be of substantially 

70 j)er cent. 


quality. The difference between the sodium hydrate actually present 















XAW MATERIALS OF SOAF-MANVFACTVRE. 


95 


and that claimed, viz., 4.30 per cent. NajO, is due to the 7.35 per 
cent. NajCOj, this being estimated as its equivalent, 4.30 per cent. 
NajO, in the total sodium oxide. As more or less carbonate is 
invariably present in all commernal caustic, cs])ccially in the lower 
grades, the system of including it in the expression of the quality 
of this i)roduct is openAo severe criticism. Quotations of quality 
are thus confessedly a misrepresentatidh. The only rational method 
is the cxj)ression of the^NaaO as free caustic, or preferably units of 
NaOH. 

This would be an absolute in&cx of the value of the caustic as a 
saponifying agent, and not, as by the method in vogue, an uncertain 
apjmxximation of the same. English degrees indicate the strength 
of the ash or caustic, in terms of Na^O, but, owing to either a wilful 
or accidental error in atomic weights, English analyses indicate a 
greater percentage of NajO than is actually present. This error 
has become so firmly established by tradition that modern ideas 
have been unable as yet to eliminate it. In Germany and Russia 
tiu strengtli is exi)ressed in terms of sodium carl)onate. This sys¬ 
tem is perfectly rational when applied to soda-ash, but is incon- 
.sistent when ai)plied to caustic. The exoression of the value of 
commercial caustic soda in terms of an impurity, which, in so far 
t'S the soa]) industry is concerni'd, is ])ositively worthless as a saponi¬ 
fying agent for neutral glycerides, is certainly not conducive to clear 
ideas on the subject. 

The sui)erior advantages and economy of high-grade caustic 
need no argument. It is true of this i)roduct that the best within 
certain limits is the cheapest. There is presented in the following 
table the price per pound of sodium hydrate as it occurs in the cus- 
tomar}' grades of caustic, assuming that no carbonate is estimated 
as caustic; 


CAUSTIC SODA. 


('■raile. 

Pnci- per 

Pit Cftil. N’aOII 

Price NaOII pee 

100 Pounds. 

I’rc s( 111. 

100 Pounds. 

60^*^. 

$1.65 

77.42 

$2,131 

. 

I.SO for fio% 

90.32 

1-937 

74 %. 

1.60 for 60% 

OS.48 

2.066 

76%. 

1.70 for 60% 

98.06 

2.196 
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The anomalous variation in prices (juotecl arises from the slight 
differences in cost of i)roduction of the,lower grades, combined, 
for those grades, with the propoi;! ionally greater cost of packages, 
transportation, etc. 

The total charges contingent upon’’marketing a 6o per cent, 
caustic arc the same as those of a 70 per c'^nt., although the former 
contains'considerably less of the essential ingredient; also the cost 
of production of a 70 per cent, caustic is l/iit little more than that 
of 60 per cent. The increased ^'ost of production of the higher 
grades, viz., 74 per cent, and 76 per cent., makes necessary' a higher 
price, which is less than it would be if cost of marketing were corre* 
si)ondingly increased. 

The system of quoting the higher grades in terms of 60 per cent, 
caustic is a })cculiarity of the trade, and the fractional increase in 
price based ui)on the degree is a measure of the increased cost of 
carrying the manufacture of the product above the 60 per cent, 
grade. 

In the preparation of caustic lyes of different densities from 
various grades of caustic, the influence of the impurities, chiefly 
sodium chloride, sodium carbonate, and sodium sulphate, is to 
reduce the active value of the solution fur the specific gravity indi¬ 
cated. This reduction in saponifying power i^ least for the highest 
grades and greatest for the lowest as a natural result of the increased 
percentage of these impurities present. The following table indi¬ 
cates the percentage of i odium hydrate present in lyes of different 
densities, made of the usual grades of caustic, corresponding to the 
densities of lye made from chemically jiure caustic. It is assumed 
that the total alkali is present entirely as caustic, which never actually 
occurs. The figures stated, for reasons jireviously given, are gener¬ 
ally slightly higher than wouhl be found in practice. However, 
the table possesses value as a basis of comparison, and for all tech¬ 
nical purposes the figures arc sufficiently accurate. 

Causticization of Soda-ash. —The consumption of caustic soda 
for oil-refining and soap-making may be of sufficient amount, 
together with other economic considerations, to warrant the manu¬ 
facturer undertaking the manufacture of caustic soda himself. 
Caustic soda in aqueous solution is obtained from soda-ash, i.e., 
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TABLE XL-PERCENTAGE OF SODIUM HYDRATE IN LYES MADE 
FROM VARIOUS GRADES OF COMMERCIAL CAUSTIC. 


1 

1 

1 



-•- 

Grades uf Caustic. 

• 



Degrees 

T Waddell. 

specific 

Gravity. 

Deprrees 

Be. 

• 

771 " 


74 "- 

72". 

70 ". 



✓ 

IVr Cent. NaOIf. 

• 


• 

1-07.'; 

30 

6-55 

6.42 

6.25 

6.08 

5-91 

• 

5.06 

IS-O 

I.08.S 

11 

7-31 

7-17 

6.98 

6.79 

6.60 

5.66 

16.6 

1.091 

12 

8.00 

7.84 

7-^3 

7-43 

7.22 

6.19 

18.2 

1.100 

13 

8.68 

8 . 5 >* 

• 8.29 

8.06 

7.84 

6.72 

20.0 

1.108 

14 

9.42 

9.24 

8.99 

8-75 

8.5 T 

7.29 

21.6 

1.116 

15 

10.06 

9.86 

9.60 

9-.34 

9.08 

7.78 

23.2 

J.I 2 S 

j6 

10.97 

10.76 

10.47 

10.20 

9.91 

8.49 

25.0 

1.134 

17 

11.84 

11.61 

11.31 

11.00 

10.69 

9.17 

26.8 

I.T42 

18 

12.64 

12.40 

12.07 

11.74 

11.41 

9.78 

28.4 

T.I52 

T9 

T 3-55 

13.28 

12.93 

12.59 

12.24 

10.49 

30.4 

1.162 

20 ' 

J 4-37 

14.09 

T.3-72 

13-.35 

12.97 

11.12 

32.4 

1.171 

21 

T.V'^ 

14.84 

14.44 

14.06 

13.67 

11.71 

34-2 

1.180 

22 

T 5 - 6 ‘ 

15.61 

15.19 

14-78 

14.36 

12.31 

36.0 

I.IQO 

23 

16.77 

16.44 

16.01 

15-58 

15 ->5 

12.98 

38.0 

1.200 

24 

17.67 

I 7-.33 

16.87 

16.42 

15-96 

13.68 

40.0 

1.210 

25 

18.58 

18.23 

» 7-74 

17.27 

16.78 

14.38 

42.0 

I 220 

26 

19.58 

19.20 

18.69 

18.19 

17.68 

15.16 

44-0 

1.23 I 

27 

20.59 

20.19 

19-66 

10.13 

18.60 

15-94 

46.2 

1.241 

28 

21.42 

20.99 

20.44 

19.89 

19.33 

16.57 

48.2 

1.252 

29 

22.64 

22.20 

21.62 

21.03 

20.45 

17..53 

50-4 

1.263 

30 

23-^7 

23.21 

22.60 

21 99 

21.37 

18.32 

52.6 

1.274 

3 ’ 

24.Si 

24-33 

23.69 

23-05 

22.42 

19.21 

.54.8 

1.285 

32 

25.80 

2.5-30 

24.63 

23.96 

23-30 

19.97 

57-0 

1.2Q7 

33 

26.83 

26.31 

25.62 

24.92 

24.23 

20.77 

59.4 

1.308 

34 

27.80 

27.26 

2^-55 

25.82 

25.11 

21.52 

6i.6 

1.320 

35 

28.83 

28.28 

= 7-53 

26.79 

26.04 

22.31 

64.0 

1-332 

3 ^’ 

29-93 

29-35 

28.58 

27.81 

27.04 

23-17 

66.4 

1-.345 

37 

31.22 

30.62 

29.82 

29.00 

28.46 

24.40 

69.0 

1-357 

1 

1 

32-47 

31-84 

30.99 

30.16 

29.32 

25-13 

71-4 


commercial sodium carbonate, by treating the latter, under suit¬ 
able conditions, with slaked lime. The procedure of manufac¬ 
ture is in accordance with the following chemical reaction: 

Na2C03(soda-ash) + Ca(O^I)2(slaked lime) 

106 

= CaC03(limc-mud) + 2NaOH(caustic soda). 

100 80 


Thus, theoretically, 106 parts of sodium carbonate treated with 
74 parts of calcium hydrate yield 100 parts of calcium carbonate 
and 80 parts of sodium hydrate. On a practical scale the theoreti¬ 
cal yield is only approximately attained. 
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Description of Plant.—In Fig. 25 is shown, in plan and eleva¬ 
tion, the mechanical equipment of a causticizing plant, consisting 
of the converting-kettle, screen-lank, lye storage-tank, evaporator, 
pumps, etc. Fig. 24 is a conventional form of lime-house. Fig. 27 



is an enlarged sectional view of the MTeen-tank; and Fig. 26 is an 
enlarged sectional view of the lower ])ortion of the converting-kettle. 

It is best to provide a building or a Miitable rire-j)roof room or 
inclosurc for the ^torage and preparation of the lime to be used in 
the converting-kettles, and a-^ imperfectly burnt or inferior (quali¬ 
ties of lime often contain ^tone or unburnt material, >ucli is ])ref- 
erably crushed before being ])assed to the converting-kettle, as it 
also affords an easier, more raj)id, and comj)]ete oq)eralion in the 
converting-kettle. 

In Fig. 24, I re{)resents the limt'-house, having a raised or 
elevated iron floor 2 for the storage of the lime. Adjacent to one 
side of this elevated floor is a door 3, through which the lime can 
be received. 

4 is a lime-mill or crusher operated by a suitable ]>ower, a 
counter-shaft 5 being shown. The crushed lime from the mill may 
be passed directly into the carrier 7, which may be of perforated 
iron if it is to be used as a basket inside of the ccmverling-keltles. 







Fic:. 25.—"nia^r-ini «if A] p.iiatu~ for tin* C'austicization of SodA-a=h and Conceiitration uf Caustii- IJi^uor 
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or the carrier may l)e*])rf)vi(lt*(l with double-flap door? 9 when it is 

to be used as a chute. • 

8 is a wheeled frame for carrj'ing the basket or chute to the 
converting-kettle. In lieu of this wheeled frame an overhead tram¬ 
way may be used, as is shown in Fig. 25. 

The carder 7 is pnwided with suitabV* swivel-han^Ucs to, by 
means o£ which the carrier can be hoisted and its contents emptied. 

6 is the entrance from the lime-liouse ir) the con verting-kettle. 

The lime-carrier 7 is ])referabh' made of iron or a non-inflam¬ 
mable material, and as the floor in Ifront of the iron converting- 
kettle is bricked or covered with iron or otherwise made fireproof 
no danger is incurred by using this carrier in an ordinary building, 
thus enabling this part of the operation to be carried on in an ordi¬ 
nary factory building. 

By the use of })ower the lime can be conveyt^l to the converting- 
kettle bv means of any suitable endless con\evor or to anv con- 

w • • • 

veniently located receiver, from which it can be either by haml or 
automatically fed into said converting-kettles. 

In Figs. 25 and 2%, I is a converting-kettle formed of any suitable 
sha])e and with a conical, bevelled, or Hat bottom, as may be desired. 
This kettle is sujiported by means of lugs from the I-beam frames B. 

C are suitable iron pillars for su])])orling the beams B. 

The top of the kettle is ])referably coviTed with a hood D, formed 
of wood or metal, at the top of which is an exit D' for the ])assagc 
of the steam from the kettle. Near tile bottom of the converting- 
kettle is shown an iron door d for the removal of the residuum. 
This door when used i>. ])referably sha])ed to conform to the kettle 
and is carried down as nearly to the bottom of the kettle as is pos¬ 
sible. At the extreme bottom of the kettle is a valved outlet-pipe 
also for the removal of the residue. 

j is a pii)e having a [)ivoted elbow within the kettle, by means of 
which the liquid lye can be run into the receiving-tank F. 

Located at the bottom of the kettle A is preferably a perforated 
coil of steam-pij)e g, through which steam can be ejected for the 
•boiling of the caustic Ive, and it can also be used for producing 
motion of the contents of the kettle. In addition to this a closed 
coil of steam-pipe g' may be employed for heating the contents of 
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the convcrting-kctllo. If the })erforations in* the steam-pipe g are 
placed underneath the pij^e and on the sides thereof at about an 
angle of 45°, there will be a thorough agitation of the material, 
obtaining a complete conversion. The pipes g and ^ are located 
at any suitable distance abc)vc the bottom of the kettle. 

Air unck’r pressure ift*ay be injected into the liquid; or to attain 
the same end a mechanical mixer or stirrer can be introduced within 
the kettle, the object Ifcing to maintain a constant agitation of the 
contents of the kettle and the complete admixture thereof. The 
pipes g and ^ are connected with a source of steam-supply by means 
of the pipe A, having the valve h' therein. //" is the main steam- 
pipe, shown running across the front of the kettle. If more than 



Fin. 26.—Sectional View *)f Lower Portiim of ronvertitif^-kettle. 


one kettle i.. used, thi.-. ])i])e can be extended for the supply of steam 
to the additional kettles. 

below the hood D is an opening, preferably in front, for the 
introduction of the ash and lime. The latter is preferably intro¬ 
duced in small quantities at a time into the basket which is adja¬ 
cent to said opening, .so located as to be partially immersed within 
the lujuid. The entrance to the kettle is protected by a door, which 
being closed when not in use will prevent the outlet of the stcam- 
As shown, the hood D should extend a short distance beyond the 
sides and over the top of the kettle, so that the draft thereby pro¬ 
duced will facilitate the exit of the steam through the opening D', 
The hot-water receiving-tank / is elevated, so that its contents can 
be run into the converting-kettle A by means of the valved pipe i. 
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This tank is supplied with hot water from the coils of the evaporatof 
or concentrator G by means of the })ipe k.^ If this sup])ly is insufh- 
cient, additional water, either hot^ or cold, may be introduced by 
means of the valved pipe k'. 

k" is an overflow from the tank I. * 

Situated below the converting-kettle is'the §creen-taitk L, into 
which the residue of the materials used can be emptied by means 
of the pipe c or the door d. This lank is j)i'jferably provided with 
a false suspended bottom o (sec Fig. 27I consisting of one or more 
layers of canvas and wire-gauze and ■^hich is so arranged that the 



residue or lime-mud w^ill not j)ass through the screen when oper¬ 
ated upon by a vacuum-pump, the litjuid and air passing through 
a pipe connecting with the bottom of the tank. This false bottom 
is preferably placed two or three inches above the bottom of the 
tank and consists, first, of a wire screen 0' of very fine mesh, under¬ 
neath which the duck or canvas 0" is stretched. The fabric is 
supported, preferably, upon a sheet of gauze o'" of slightly coarser 
mesh, which in turn is supported u])on an iron frame 0"". Within 
this tank, a short distance above the false bottom, is a perforated 
steam-pipe O', the perforations of the jiijie being preferably arranged 
jjnderncath and on the sides thereof at an angle of about 45°. 

A suitable jointed elbow O" is used for decanting such portion 
of the supernatant liquid and wash-water as settles above the residue. 
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O'" are faucets or cocks used for accomplishing the same purpose. 
A pipe p for the supply of water for the admixture and the wash¬ 
ing from the lime-mud or residue of any caustic lye net removed 
in the kettle is placed at one siQe of the tank. Adjacent to the 
screen-tank L is the wash-water tank E, which is connected to said 
tank by means of the pii^c O", through which the wash.-waters from 
said screen-tank can be transferred to'said wash-water tank. 

R is the vacuum-puffi]), having a connection at f with the bot¬ 
tom of the screen-tank and discharging into the catch-all or tank Q, 
from which the wash-water €an*be transferred to the wash-water 
lank E by means of the service-pump / and pipes j" 

Procedure of Causticization. —The operation of the plant is as- 
follows: Water is run into the converting-kettle A and brought to 
a boil therein, and then a given quantity of soda-ash is put into the 
said convert ing-ketUe and the boiling continued till the complete 
dissolution of the ash, making a solution of about 12° Baume. 
Then small portions of lime are added gradually through the medium 
of the lime-basket 7, placed at a point in the converting-kettle so 
that such basket will be suspended partly in the liciuid. The boil¬ 
ing (with ()])en steam) is continued and lime added for the conver¬ 
sion of the soda-ash into caustic soda, which can be determined by 
testing in any suitable way. When the liquid is thoroughly causti- 
cized, as indicated by the suitable test referred to, the steam is shut 
off and the* whole allowed to settle for a time, after which the clear 
li(iuid is then drawn oil from the converting-kettle by means of the 
pi]>e and elbow /, either by gravity or being ])umped and run to a 
suitable tank or other receptacle F for storing the liquor, from 
whence it is delivered direct to the soap-factory or refinery, or if 
not of sufficient density it is then run to the evaporator G, which can 
be of any suitable construction for concentrating it to the desired 
density. The eduction-pipe from this evaporator connects, prefer¬ 
ably, with a catch-all G', by means of which moisture mechanically 
entrained with the vajiors may be arrested and conveyed back to 
the evaporator. There will then remain in the converting-kettle A 
mud com]K)sed of calcium carbonate entangled with caustic-soda 
lye, which mud is drawn from the converting-kettle through either 
or both of the outlets c or d in the bottom of said kettle and run 
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into the screen-tank and allowed to settle, and the liquor above 
the lime-mud or residue is drawn olT through a suitable jiipe O" 
siphonically or by means of a i)um]), or can be run off by gravity 
through an outlet or outlets O'" on tlie side of said screen-tank, 
and is run to the same lank F as the cleiw li<juid that was ])reviously 
drawn off from the converting kettle, or of insufficient strength 
it may be run to the tank or receptacle E. Then water is run into 
the screen-tank and the- mass brought to a j^oil by the injection of 
steam through the j)erforated steam-])ipe or coil, after which the 
mass is again allowed to settle, arid Irlie resulting clear liquid that 
then settles above the lime-mud is decanted or drawn off in the 
same manner. I'hen more water is added to the mud in the screen- 


lank and the same operation repi'ateil until the clear lirjuid that 
settles in said tank shows “o” llaume when tested with a regular 
alkali hydrometer. 'I’hen the remaining ]i(|uid with which the 
mud is saturated is drawn therefrom by means of a})])lying a vacuum 
below the screen, tire licjuor being drawn by said vacuum into a 
suitable receiver, ])referal)ly a cylindrical vessel Q, and the liquor 
thus collected in the eylindrical vessel is then run to join the other 
wash-waters that hu\e been drawn from the screen-tanks by other 
means. Such of these wash-waters as have been run from the 
screen-tank to a receptacle E, separate from the storage-lank 
from which the refinery, soajj-house, or eva]>oralor is sujqdied, arc 
used in the converting-kettle for dissolving the next charge- of soda- 
ash, such water being added in addition thereto as may be re(|uired, 
which additional water is preferably a w-ater of condensation from 
the steam-coils or heating-chamber of the evaporator, which water 
of condensation shall have been run to the tank I or other suitable 
receptacle. 

The Manufacture of Sal-soda.-Sal-soda was at one time an 
article manufactured to large extent by soap-manufacturers in this 
country when the supply of alkali w'as obtained entirely from ICnglisli 
sources. The development of the alkali-industry in this country 
however, effectually put a stop to its manufacturc'in isolated jdants! 
In recent years its manufacture has been taken up to some extent 
from the soda-ash obtained directly from the alkali-manufacturer 
Those engaged in the business are able to meet the demand in their 
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respt'clivc localities and make a profit, due to difference in freight 
betw(‘en soda-ash and sal-soda. 

The manufacture is sim^ile, requiring but little outlay for capital 
and labor, the chief requisite being* space and suitable natural con¬ 
ditions of temperature. The jirocess is carried out in four suc¬ 
cessive stages, viz., t 

(1) Solution of high-tes alkal’ in w^ter. 

(2) Purification of solution. 

(3) Cry’stallization of the sal-soda. 

(4) Separation of crystals fjom»mother-liquor. 

The solution of the soda-ash is liest effected in an apparatus 
similar to thi? one shown in l<'ig. 28. Tlie dissolv'er is also provided 
with a steam-jet not shown in the figure. 



Fir.. 2S.—Socla-ahh iJi^solviiifif-iank. 


The alkali should be di.ssolved in the following manner: As * 
soon as the water in the dissolver begins to boil, the ash is put on a 
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Strong wire sieve, the bottom of which is immersed just below the 
surface of the boiling li(|ui(l; a l)asket of thin iron rods j)laced parallel 
answers w'ell for this j)urpose. The alkali must be gradually added, 
and the solution well agitated; this, as well as the employment of the 
sieve, is necessary on account of the caking proj)erties of soda-ash. 
One ])art of soda-ash in two ])arts of water at the boiling tempera¬ 
ture will show a density (.'f about 3^° He. Calcined Glauber’s 
salt—5 to TO ])er cent of weight of ash—is sidded at this stage. 

d'he dissolving-tank is fitted with dischargc-])i])e at the bottom 
for drawing olT the sedimc'nl and 'im])i|irities, and with a second j)i[>e, 
about four inches from the bottom, for running off the mother- 
liquor into the crystalli/ang-tanks by way of a it-inch ])ipe leatling 
into the cellar, and emj)lying into an iron channel, which can be 
directed to <leliver into any of the vats at will. 

In the following table are shown analyses pf low and high test 
soda-ash and of soda crystals. 


TA15LIC Xll.—ANALYSES OF SODA ASH AND SODA C’KVSTALS. 


Sodium carboii.ilf. N;i,(’(),. 
Soiiium sulpliati', ), 

Scxiiiim h\dr()\i(lc, NaOll. . . 

Scxlium ililorilk', XaC'l. 

C'aliiiim iarlxMiati', ('a('<), . . , 
Maf'iu'sium larlxaiali-, MgCO, 
Iron o\i(li‘, l’c„(), 

Alumina, A1.(),, 

Silic a, Si( L 
Moisluri*, II/). . . 


•1S%. 



C 1 > sluls. 

()o (> 1' i 

' 1) 

is 7..' ; 

.>4 .’.’S', 



.>o< , 

i 4 ' 

1. 

1 


• 10' 

.vl' i j 


.^ 4 ' ( 

1 1 ' 

•~f,v 

tr.ufs : 

! 

P 

i 

04'; 

1 04' 

01'; 

1 o(/ , 


- 1.1 r 





Glauber’s salt crystallizes in large, colorless monoclinic })risms 
and before the advent of high-test sofla-a.sh, crystals of this charac¬ 
ter could be obtained from the hoda-ash of tho.se days, owing to 
the ])resence therein of (ilauber’s salt. High-te.st .soda-ash will 
crystallize in the smaller crystals ijeculiar to sodium carbonate and 
tend to be discolored by the enclosure mc'chanically of the mother- 
li(juor. The addition of anhydrous Glauber’s salt, in quantities 
regulated by experience, tends to the formation of larger, and, if 
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proper conditions arc oljscrvcd, more colorlcsSi crystals. In accord¬ 
ance with the followinjr equation: 

Na 2 C 03 + loHoO s^NaoCOsjioHoO, 

jSo 


TOO parts of, sodium, carbonate will yield 269.81 parts of sal-soda. 
In accordance with the following e(iuation: 

Na 2 S 04 ioH 2() =Na 2 S 04 ,ioH 20 , 

142 i‘*ci • 


100 parts of anhydrous sodium sulphate will yield 226.76 parts of. 
the crystallized salt, the yield being less than with soda-ash. 

With a ])ermanent demand and a knowledge of the localizing 
inlluence of freight rates, the margin T)ossible in a business of this 
character can be readily estimated. 

Purification of Solution.—^This may be done most economically 
in settling-tanks, but on a large scale the filter-press is commonly 
employed. The chief imj)urilies are insoluble metallic oxides. 

Crystallization. — The crystallizing-tanks are of various sizes 
and, to insure durability, are ])referably of iron. Brunner, Mond 
& Co. recommend a tank 6'Xio'X2'. The tank is u.sual]y pro¬ 
vided wilh slats of wood or iron, immersed in the liquor to hasten 


crystallization. The pans are allowed to stand for a week or ten 
days when the mean tem])erature of air is about 15° C.; in warm 
weather longer time must be allowed. 

d'he maximum crystallization has been obtained when the 
mother-licjuor indicates a density of 20° to 22^ Be. The mother- 
liquor is drawn olT and after clarification by settling or filtration 
is added to the dissolving tank again, sufficient water being mixed 
wilh it to dis.solve a fresh charge of soda. The crystals are freed 
from adhering mother-liquor by the addition of a small amount 
of water in a hydro-extractor, or to the crystals suspended in a 
crib over the crystallizing tank. The wash-water is transferred 
either to the dissolver or to the cr}^stallizing-tank. There need be 
no waste and the theoretical yield should be very closely approxi¬ 
mated. 
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It will be of interest to note the following peculiarities of solu¬ 
tions of sodium sul])hate and sodium carbonate: The crystalliza¬ 
tion of the former salt with lo molecules of water is dependent upon 
the temj)erature f)f the solution *being l)elow 33° C. at the time it 
is dej)osited. If a saturated solution »is cooled to a point below 
33°-40° C.,-the salt se])iirates with water*,of crystallization. When 
the cryj^tallized salt is hc'ated to 33° C. it loses part of the 
water of crystallization. In solutions l^elow 33° C. the salt 
Na;jS()4,ioH2() is i)robably jwesent. Above this temperature the 
comjKmnd .suffers flecom])osition*^wirii the formation of anhydrous 
and less hydrated salts. 

Sodium carbonate behaves similarly to sodium sulj)hate; its 
maximum solubility lies between 33° and 70° ^ •> solubility 
decreasing above the latter tem])erature. 

Potassium Carbonate and Potassium Hydrate.—Potassium car¬ 
bonate was the first alkali used in the .soa]) industry. It was con- 
\'erted into the caustic form by jirimitive causticization with lime, 
whence the li(|uor obtained on .settling the mixture was used for 
sajxmification. 'J'he ]>otash .soa]) thus made was grained with .saH, 
wherebv an intcTchange of alkali occurred with the formation of a 
hard mi.xed scxla and j)ota.sh-soa|). With the clearing of American 
forest lands the chic'f commercial .source of ])otash was tran.sfern'd 
from the ashes of kclj) and barilla to that of wood. J’otassium 
carbonate is also obtained to some e.xlent from the calcined suint 
of wool-grease and from the residue left on the distillation of bc*et- 
root mola.s.se.s. Kclative lo the manufacture of j>otas]i from wood- 
a.shes, J. N. JJoyd stales: “What is j)()ta.sli? Few would hesitate 
to answer this cjuestion, and y(‘t the commercial sub.stance is not as 
easily defined as might be imagined. Potash should be the residue 
that is obtained by lixiviating the ashes of wood, cau.sticizing the 
liquor thus obtained with lime and evajiorating the liijuor to dry¬ 
ness. The calcined residue constitutes commercial jiota.sh and 
is a mixture of insoluble matter, 1.5; to 3 ])er cent; .suljjhate of 
potassium, 5 to 15 per cent; chlorides of soflium and ])Otas.sium, 
5 lo 10 ])er cent; carbonates and hydrate of ])ota.ssium, 80 to 95 
per cent.” 


* Before the Ameri(.aii Pharmaceutical A.s.sociation. 
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Although considerable potash of this character yet comes on 
the market, chiefly from, Canadian sources, the chief commercial 
supply of the world is the Stassfujt deposits of northern Cermany. 

According to the best authorities, the Stassfurt deposits of potash 
had their origin in past geologic epochs by the isolation of a part 
of the sea, J;he waters c/f which were heavily charged* with potash 
salts. This isolation was at first incomplete, and as the.evajiora- 
tion of the enclosed wifters took place they were supjdied by small 
estuaries leading to the ocean, and by a continuation of this process 
the percentage of saline mat\ers in the waters rapidly increased, 
in those ages the climate of Kurope was still tropical, and the rate 
of eva])oration. was therefore much more rapid than at the ])resent 
time. The le.ss soluble materials, such, for instance, as gypsum, 
naturally were the first deposited, and as common salt was the most 
abundant mineral iAgrediunt, these de]>ositb of gyjisum were covered 
with thick layers of rock salt as the next deposit. This layer ulti¬ 
mately reached a thickness of 3,000 feet, and it is stated by geologists 
that it required at least 13,000 years to form it. The dejiosit of 
rock salt is not continuous, but is broken occasionally with lamellated 
deposits of suljihate of lime and, toward the top of the formation, 
by layers of the mineral called jiolyhalite, which consists of the 
sulphates of lime, jiotash and magnesia. Above these deposits are 
found other layers containing the mineral kieserite (sulphate of 
magnesia). Above the kieserite line the chief deiiosits of potash 
salts consist mainly of the mineral carnallite, composed of chloride 
of potash and chloride of magnesia. The carnallite deposit is from 
50 to 130 feet in thickness, and yields the most important (juantity 
of the crude i>otash from which the manufactured salts of commerce 
are made. Above the layer of carnallite is found a covering of clay 
which is almost im})eryious to water, and it is this water-tight cover¬ 
ing which has preserved the soluble mineral de})osited under it from 
subsetiuenl solution in percolating rain-water. Had it not been 
for this protection these deposits of ])otash, now of such great in¬ 
dustrial im])ortancc, would long ago have been washed aw'ay and 
lost. , 

Again, above the clay is another stratum of sulphate of lime, 
showing that after the de[K)sit of the clay the original process of the 
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deposition of mineral ntatter was continued, since above the sulphate 
of lime is found again a layer of rock salt ^ but this rock salt is of a 
purer (juality than that of the first layer mentioned. The deposits 
are comjileted by another layer of sulphate of lime and of imj)ervious 
clay cajiped by sand and limestone, which crop out at the surface of 

the soil. * • . I 

The jKTpendicular distance from the surface of the lowest of the 
Stassfurt salt deposits is about 5,000 feet, wliilcrthe horizontal extent of 
the bed is from the Harz hlounlains to the Elbe River in one direc¬ 
tion and from the city of Magdeburg* to the town of liernburg in 
the other. 

The comjiosition of the principal minerals occuring in these 
deposits is given in the following table: 

TAliLE XIII.—COMrcXSlTlON OF MINERALS OF THE STASSFURT 


DEPOSITS. 
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The potassium chloride is prepared by leaching the carnallite, 
or other crude salts containing potas.sium chloride, either with hot 
water or a hot concentrated solution of magnesium chloride in such 
proportions as to dissolve the potassium and magnesium chlorides, 
. but not the common salt. On cooling this solution to 70° C. and 
allowing it to remain for some time, the potassium chloride is de¬ 
posited in a crystalline form. A second crop of crystals is also 
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obtained by cooling the mixture to usual temperatures. On concen¬ 
trating the re.sidual mother-licjuor, another crystalline deposit, con¬ 
sisting of mixed potassium and magnesium chlorides, is obtained, 
which can be added to the crude‘^alt and re-treated as above. The 
crystals of potassium chloride obtained by the first two crystalliza¬ 
tions arc washed, drained, dried, and packed for stjipmcnt. By 
repeated evaporations, crystallizatiorjs, and resolution, about 85 
per cent of the potassium chloride is finally obtained, only about 
15 jicr cent being lost in the waste waters. Potassium carbonate 
is made from potassium chloride^ftcr the general manner of the Le 
Blanc jirocess. Caustic potash is made from potassium carbonate 
by causticization with lime as is done in the manufacture of caustic 
.soda. Caustic jiotash olitaincd from this source is of more uniform 
(juality and of a higher degree of purity than that obtained from 
wood-ashes, though it is contaminated with variable proportions 
of the chloride, sulphates and carbonates of sodium and potassium 
and with caustic soda. By electrolytic process commercial caustic 
])otash is now prepared, analyzing 85-90 per cent Jictual potassium 
hydrate. Caustic jiotash is to lie distinguished from caustic soda 
which it surpasses in chemical activity by forming soft soaps with 
fats and oils, which for many puqioses, as in the textile industry, 
are superior to soda soajis. Beyond the manufacture of high-grade 
textile soaps, of certain pharmaceutical soaps and as a partial in¬ 
gredient of shaving-soai), caustic pota.sh is of limited application 
in the soap-industry, being displaced by the cheaper sodium com¬ 
pounds. Carbonate of potash is likewise displaced by the corre¬ 
sponding .sodium salt. 

Salt.—In soap-boiling salt, s(xlium chloride, serves as a purifying 
agent which ])roperty is based u])on the insolubility of soap in aque- 
' ous solutions of salt. Common salt is widely distributed in nature 
as the mineral Halite.' The early process of manufacture consisted 
in its production from sea-water, either by exposure to evaporation 
under the sun’s rays, or sometimes by boiling in pans or kettles 
until the dissolved salt was deposited. About the close of the 
eighteenth century the manufacture was begun from brine obtained 
from natural salt-si)rings, following the same crude processes used 
in the manufacture of salt from sea-water, 
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At the* present time, however, comparatively little salt is made 
from sea-water, or brine from natural springs, and some of that 
so obtained is evaporated by artificial heat. Nearly all the evaj)- 
orated salt is now obtained by sinking wells to the salt Ixidy, pump¬ 
ing fresh water into the wells, and withdrawing the brine after it 
has become. well satunited. J^ractically %all the product from 
natural salt water, by solar evajioration, is made along the shores 
of San Francisco Bay in California, and ( 4 feat Salt Lake, Utah. 
With these two exceptions the evajHirated jiroduct is almost entirely 
obtaine<l from dee]) wells. * • 

Salt manufactured by artificial heat is made in kettles, open 
])ans, vacuum jians, and grainers, the heat being ajijilied either 
directly or by steam. In blocks where kettles or o])en ])ans arc 
used, the heat is usually apjilied directly and the brine is boiled. In 
grainers and vacuum ])ans steam-heat is used. The grainer process 
is essentially American; the brine in this jirocess is evajiorated from 
rectangular vats about 12 inches dee]), in which are sus])endcd 
coils of ])ipe carrying either live or e.xhaust steam, according 
to local conditions, 'fhe brine is usually kept agitated mechani 
cally, so that the salt wliich is formed on to]) will be broken u]) and 
j)reci])itated. In some instances the salt is removed from the 
Ijottom of the ])an by mechanical scra])ers; in -others, hand labor 
is em])loyed. "J’he grainer ])rocess seems to be the most ])o])ular 
method in the United States and most of the finer grades of table 
and dairy salts are ])roduced either by this or by the vacuiim-])an 
jirocess. 

Solar salt is made in vats or ])onds, covered and uncovered. 
At Syracuse, N. Y., the ])onds are supplied with movable covers. 
No covers are used in Utah or California, as the o])erations in those 
states continue only during the dry season. 

Rock salt is mined and jircpared for use in the states of New 
York, Kansas, Louisiana, and California. It is now jiroduced in 
greater quantities than solar salt. 

The imj)urities, (hiefly iron oxide and the chlorides and sul- 
j)hales of lime and magnesia, are removed by subjecting the solu¬ 
tions of crude salt to processes of settling or precipitation with 
suitable reagents and fractional crystallization. The solution thus 
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purifii'd is concentrated })y either solar heat, by direct fire as in kettle 
and pan methcxls, by the steam-grainer system, as in steam-pans, 
steam-kettles, etc., or by Steam under reduced jiressurc, as in the 
vacuum system. In recent years* the use of recovered salt from 
waste soap-lye has reduced^ the consumption of this article in the 
soap industry. The sah, is commonly received in bags of 200 
pounds each. , 

Preparation of Brine.—Salt in the dry state is used on tlie stock 
and rosin changes of settled soap. If required on the strengthening 



Fig. 29.—Pfrcoliiting-tiink for lirine. 


change it should invariably be in solution. The lirine may be 
made u]) as required conveniently in a tank mounted on a truck. 
I'o reduce labor and to provicle a steady su[)j)ly one of the best 
methods in use consists in allowing water to percolate through 
a body of salt. 'I'ake a large water-tight barrel or cask (Fig. 29) 
and lit a false bottom or woixlen grating 6 or 8 inches above the 
bottom—this can be made of strips of wood about an inch sijuare, 
and placed not over one-half inch apart. This false bottom should 
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be supported by two fjtrips of board each 6 inches in width, placed 
on edge and nailed to the bottom. These boards should have 
several holes bored near their bottoms to j)crmit a free passage of 
water. The water inlet .should be below the false bottom. 

A single thickness of burlap should stretched‘across the top of 
the false bottom and tacked to the sides af. the barrel. The oUtlct 
I)ipe for the brine should be %}. or 5 inches below the lop of the bar¬ 
rel; the water is supjdied at the bottom from a convenient hose or 
faucet. The suj)ply-i)ipe should be of about 1 1 inch diameter, and 
the outlet ])ij)e about i^V inch inSide* diameter. If it is necessary 
to make brine faster than can be accomplished with one barrel, 
fit up two or more extra barrels. 
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To make brine—fill the barrel above the false bottom with 
^salt, and turn on the water. The salt will dis.solve rajiidly, and 
‘more must be shovelled in on toj). The barrel must be kept full 
of salt, or the brine will not be of full strength. No stirring is 
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nccc'ssar}'. Keep skimming off all waste matter rising to the top. 
The brine outlet should be provided with a strainer of some kind 
to prevent chips, etc., from running out with the brine. 

Filling Materials.—^'Fhe incorporation of foreign material, either 
detersive or inert, with soap, may be said to be coexistent wdth the 
use of mechanical crutektTS and originate(l in the effor-l to cheapen 
the cost of manufacture. The raosf'important filling agents arc 
sodii-ash and sodium plicate. The first use of soda-ash in soap 
is attributed to Van Haagen, of Philadeljihia, shortly after the Civil 
War. The first use of sodiunl siiu'ate was by Christopher Thomas 
& Bros., of Bristol, Pmgland, in 1856. It was not, however, until 
1862 that its value was ollicially and jmblicly recognized, when at' 
the international Kx]x)sition in tliat year in London, a prize was 
awarded to Wm. (lo.ssage & Sons for their samples. 

By the use of reasonable pro])ortions of solutions of soda-ash 
and sodium silicate, the (luality of a laundry soap is greatly im- 
])roved. 'Fhe soap is made more duralile from the hardness produced 
by tile crystallization of the salts; also, the rapid drying of the soap 
is prevented. The detergency of these additions justifies their use, 
and in reasonable jirojiortions they constitute no adulteration. 
Whether or not a soajj may be called adulterated is determined 
])rimarily by the ])rice at which it is sold in a competitive market. 
The demand of the [lublic is mistakingly for cheaj) things. 

Soap manufacturers are comjielled to turn out a product that 
looks well and feels well and costs little. The manufacturer satisfies 
a mistaken judgment that considers apjiearance and quantity, and that 
disregards commendable efforts to maintain a standard of ({uality. 

Silicate of Soda.—Silicate of soda as used in soap-manufacture 
is a colorless, viscid acjueous solution of the product of the combina¬ 
tion of ])ure sand with either soda-ash or caustic soda. The product 
is essentiallv a ^hiss differini; from the hard, vitreous form in that 
the soluble alkalis of sodium or jiotassium replace the insoluble lime, 
giving rise to a ])roduct soluble in water; hence the term “soluble 
glass.” Combinatit)!! of sand (silica, SiO^) w'ith alkali may be 
effected in either a reverberatory furnace, in w'hich case soda-ash 
(Na2C();d is used; or in a digester under pressure, in w'hich caustic 
soda (NaOH) solution of varying density, according to the density 
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of the product desired,ris used. The proj)ortions of silica and alkali 
used depend uj)on the character of the desired j)roduct and their 
variation gives rise to the various grades of the })roduct used in the 
arts. Made by the dry procc-ss, i^i a rcverl)cratory furnace, the fused 
product IS discharged and cooled and m'iy be shi])j)ed in the trans- 
j)arent, hard.and brittle form and solutior\ effected at its place of 
use. Solution of hard silicatt of soda can be effected commercially 
only under steam ])ressurc, for which purj)^sc a digester is u.sed. 
'J'his is filled with the hard silicate and a proportion of water, de¬ 
termined by the density of the solfttion desired, and steam uj) to 8o 
])ounds ])ressure admitted. At the end of the dissolving period the 
jiroduct at about 30° He. is discharged to a settling-tank, or directly 
to evaporators and concentratefl to any desired density. .Made by 
the wet j)roce.ss, in Ji digester, the j)roduct for many i)ur])oses may 
be discharged at the desired density, but for densities greater than 
30°-32° He. subse(juent concentration is necessary. 

The degree of concentration of commercial water-glass varies 
consid(Tably. It is generally delerminefl by the hydrometer, 
but this instrument alone affords only a one sided indication ('f 
the true character of the solution, since the comj)osition as well as 
the s])ecific gravity of the silicate itself is subject to considerable 
variation. Of the ingredients, silicic acid and alkali, the former 
has a much lower specific gravity; consequently an increase in the 
contents of the silicic acid decreases the .specific gravity of the com- 
])ound, as well as of its solution of a given concentration. Therefore 
the hydrometer can be relied on to give exact indications only when 
the comjiosilion of the silicate is also known. 

A density of .40° Hex is u.sed in .soap-manufacture. 

When silicate of soda solution is concentrated it loses a part 
of its silica after a certain stage of concentration. 'I'he further 
concentration is carried the more silica it lo.ses; hence, den.se .solu¬ 
tions are rich in alkalis and weak solutions richer in silica. This, 
however, only with glass having a base of soda, which can be de- 
comiKised much more easily than ])otash glass. 

The .solubility of silicate of soda is a resultant of the projiortions 
in which the acid and basic ingredients are combined; the .solubility 
increases as the jirojiortion of alkali increases, and dimini.shes as the 
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])r()porli()n of silica increases; thus the alkali silicate is more soluble 
than the neutral silicate. Certain grades of silicate will absorb 
strength up to one-third of its weight of 35° Be. lye. 

Silica is of weak acid properties and is disjdaced from its soda com- 
]x»und by carbonic acid of 4 hc atmosphere. Jellying of silicate of 
soda solutions, resulting ^'om exposure to the atmosphere, may be 
overcome by mixing suflicient caustic l>ti to combine with the silica. 

The consistency of ^ilicate of soda of the density commonly 
used, viz., 40 lie.,lends itself well to incorporation with Iluid soaj)'.. 
Its chief elTect on soaj) is to ha'rdeti it on ageing, to reduce the ten¬ 
dency of alkaline salts to effloresce, and to a certain degree to over¬ 
come the sticky feel common to rosined soap. While mixing well 
with soap itself it aids in the incorf)oration of other material. Its 
detergent eflect in soaj) is slight if any when the latter is fresh; but 
on ageing its effect is. U) reduce the detergency of soaj). It tends to 
increase the smoothness and gloss of settled soaj) and to destroy 
the natural texture. In the use of sodium silicate as a filling agent 
the oj)inion of C. F. (toss is of interest in this connection: “The 
solution of sodium silicate is inferior in lathering firoperties, its de¬ 
tergent action is not aided, as in the case of soaj), by the softening 
action of the acid constituent ujion the surface to be cleansed; and 
lastly it cannot be Ijrought into a form so universally convenient as 
that of soaj), existing only as a glassy solid, or a viscous liijuid. 
Then it can only be use 1 in a state of solutitin, or when incorj)orated 
with a suflicient j)roj)ortion of soaj) to allow the j)hysical jirojxTties 
of the latter to j)redoniinate. d'hese considerations will enable us 
to af)j)rcciate the right side of the ‘silicatevd soap’ question. The 
wrong side consists not in the jiroduction by means of tlie silicate of 
a detergent of lower (juality, but in not selling it at a j)roj)ort ion ally 
low price. A silicated soaj) is an advantage to commerce, for there 
is much work which it'can j)erform as well as, if not better than, 
soap of higher quality. Rut let there be a fair division of ad\antage 
between manufacturer and consumer.”* 

With settled rosined soaj) its use ranges from 25 to 50 jiounds 
j)er frame and with cold j)rocess soaj) uj) to 100 per cent of the weight 


* Lecture on Soap. Internation:J Health Exix>sition. London, 1 S 8 .J. 
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of glyceride stock. When used to a large extent in cold-process soap, 
additional lye should be used above that required for the stock to 
neutralize the silicate. The lye and silicate may be added sei)a- 
rately. Common procedure is to add lye and silicate successively 
to the stock. • 

Borax.—- The natural source of borax'js the mineral borocalsite 
which consists chiefly of bolate of lime. The process of treatment 
depends uj)()n the reaction of borate of qilcium and sodium car¬ 
bonate, which, when added, form borax and carbonate of lime. 

The crude borate of lime is !irst* i)assed through rock breakers 
and is then ground to the fineness of flour l)y means of rolls and burr 
stones. It is then, with a small projiortion of carbonate of soda, 
thrown into a digester, wlierc, under heat, pressure, and agitation, 
the existing aOinities are comiiletely divorced. The carbonic acid 
unile.s with the lime, which yields boracic acid, the latter with a small 
portion of soda, and the result is borax in solution. The lic^uor is 
then drawn off into tanks, where the borax in crystalizing attaches 
itself to small steel rods and hooks. The sediment contained in the 
mixing tanks is composed largely of sand and dirt with consideraljle 
borax mixed. The deposit is passed through a filter press, which 
presses the dirt and allows the borax liquor to pass away to be utilized 
again. Repeatefl over and over again, the last remnant of borax is 
finally secured by this jirocess. 

The most productive borax mines are in California, although 
the mineral is widely distributed. Borax, contrary to po[)ular 
rei)Ute, is of limited use in the soaj) industry. It is mildly alkaline 
and ])Ossesses valuable detergent and preservative properties when 
used alone. There is no use in the soaji industry for which it can 
not be replaced by the more strongly alkaline and detergent car¬ 
bonate of soda. 

Talc. —Talc is a hydrated .silicate of magnesia and is recognized 
by its extreme softness and unctuous feel. It is a common mineral 
and in small quantities is widely distributed. 

Talc is employed in the arts in two distinct form.s—^as powdered 
or “flour talc,” and as sawed ])ieces of various sizes and shapes, 
for which latter form the soa])stor:e or steatite variety is used. Com¬ 
mercially the name talc is usually ajjplied to the fibrous and foliated 
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varieties, which are the purer forms, and the .name soapstone con¬ 
fined to the massive varieties. The former is the more valuable, and 
the greater part produced is used in the manufacture of paper. 

While talc is used to sfime extent as a cheapening agent in 
laundry-.soap of inferior grades and in soap-powder, it finds more 
general u.se as a filler in ^lilled loilet-.soap. ^ Its pre.sence is a j)osi- 
tive adulteration of which the character* of the material admits to a 
high degree. It is sifted, upon the soaj) during the process of mill¬ 
ing. It not only incTea.ses the yield in virtue of its own weight, but 
also by its marked hygroscopic!fy whereby a larger amount of 
water than would otherwise be ])ractical)le can be retained. It 
is the least dangerous filling, being entirely inert as a detersive 
agent. It reduces the lathering power of the soap, and when 
present in large amount, tends to make the soap cracky as it comes 
from the plodder. Jts jiresence in the soap admits of a nice 
smooth product in pressing and retains the form and fre.sh appear¬ 
ance of the ])ar on aging. 

Its pre.sence in any soaj) tends to impart a cloudy, turliid appear¬ 
ance, especially in laundry-soap; in milled soap, however, this 
character is lea.st objectionable. 

Mineral Soap-stock.—Mineral soap-stock is a trade-name ap¬ 
plied to a mixture of liydrocarbons obtained as a by-]>roduct in 
the manufacture of parallin, both of which are among the highest- 
boiling portions of crude petroleum. It is usually of a consistency 
intermediate to that of heavy cylinder-oil and va.seline. It is a 
chejipcner, pure and simple, with no justification for its u.se in 
any ])roperty that it possesses. It may be added to cold-process 
soap to which it is claimed to impart the feel and appearance of 
boiled soap. It may be added in almost unlimited quantity to 
semi-boiled and grained soap. The sole advantage that it posse.sses 
is to “join” in the crulcher soap that tends to “open.” The sub¬ 
stance is inert and performs no function in the cleansing process. 

Starch.—In the consideration of such filling material as starch, 
whiling or the recovered lime-waste of the causlicizing kettle, talc, 
marble-dust, etc., we approach within the limits of direct sophisti¬ 
cation. 



• CHAPTER TV". 


I 


BLEACHING AND PURIFICATION^ OF SOAP-STOCK. 


General Considerations. Rancidity and Acidity of Stock. Relation 
of Ouality of tlic Stock to Its Glyccrin-contcnt. Purification by 
Treatment with fiulphuric Acid. The Suljihiiric Acid-Hichro- 
niatc Oxidation IToccss. Procedure. Nature and Valuation of 
Fullers’ ILarth. The Filter-jiress. Bleaching with Fullers’ 

Earth. ITess-eake. Bleaching of Ikilni-uil by Oxygen of the 
Air. 

General Considerations.— As a result of the development of 
edible uses of fats and oils and of lh(‘ elTorl to utilize every grade 
of material that will iiromise a profit, the ra\, material that is avail¬ 
able to .soa]) and candle manufacturers is of generally inferior 
quality to that which was once supplied, ('on.sequently the manu¬ 
facturer’s attention is directed to whatever improvement in the 
quality of the stock the selling ])rice of his manufactured jtroduct 
])ermits him to buy. It may be slated that in whatever process of 
purification that may !)e ai)plied to the raw material, there is in¬ 
volved no increase in the (juantity of the finished in-oduct that can 
be made from it, but only an imjirovement in the appearance, 
chiefly the color. The nature of the ])rocess of jiurification used 
is determined by the (juality and cost of the material worked upon. 
With tallow, e.g., at 5 cents per ])ound and 74° caustic at $1.85 
per hundredweight for 60° grade, the cost of the jirocess employed 
must bear a very .small relation to the cost |)er pound of tallow. It 
requires but a considcTation of this fact to demonstrate the imprac¬ 
ticability, however eflicient they may be, of the majority of bleach¬ 
ing processes that are so frecpiently offered. 

Rancidity and Acidity of Stock.— J'he material to be removed 
from soap-stock may be dividend into two general cla.s.ses, viz., sub- 
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stances pnxJucing color and substances producing odor. Frequently 
the color and odor may arise from the same substance as the 
fermenting albuminous matter of inferior tallow. The color arises 
from the presence of non-glycerWe matter, while the odor may 
arise from the decompositiqn of cither or both the glyceride and 
the non-glyceride matter. •• 

When fa’ts and oils possess an unnatural odor they are termed 
rancid. Rancid stock is characterized by a high percentage of free 
fatty acids. We must distinguish between rancidity and free 
acidity. Acidity of fats and oil.f results from the decomposition 
of the glyeeride and need invoh'e no other deterioration than loss of 
glycerin. Rancidity results from the oxidation of the liberated 
fatty acids and of the non-oleaginous foreign matter. Conditions 
favoring rancidity induce acidity and the two stales may develop 
side by side, but the former condition with animal slock becomes 
])ronounced only with the jiresence t)f a large jjroportion of alliumin- 
ous matter and moisture. With vegetable slock as cocoanut-oil 
rancidity ensues chielly from the oxidization of the easily decom- 
j)osable fatly acids of low molecular weight; with palm-oil, however, 
which is similar in its composition to tallow, rancidity with the accom¬ 
panying high free acidity results from the primary fermentation 
of non-oleaginous matter in the presence of moisture. 

All animal and vegetable stock available for soap-manufacture 
contains a greater or less percentage of free fatty acids, but is not 
necessarily rancid. Rancidity results from ])rolonged exposure of 
the stock in contact with albuminous matter, to moisture, air, and 
sunlight, with the jjresence of hydrolyzing ferments which with 
moisture are the initial inducing causes of decom})osilion. 

Since glycerides in their natural state are colorless, the action of 


light alone is confined to the associated non-glyceride matter; more¬ 
over, it has been demonstrated by experiment that light to the ex¬ 
clusion of air and moisture is without effect upon commercial glycer¬ 
ides. Air is of inlluence only as it includes the action of oxygen 
and varies in its effect according to the composition of the glyceride; 
its effect being least with glycerides of saturated fatty acids and 
greatest with glycerides of unsaturated fatty acids; these two classes 
being represented respeclix’ely by tallow and linseed-oil, cottonseed- 
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oil occupying an inlcrmcdiak* j)()silion. It is to be observed that 
j)erfectly dry’ air alone, as is true of light alone, is entirely without 
influence on oils and fats. By a process of elimination we arrive at 
the conclusion that the ])rime agency of decomposition is moisture. 
Investigation of this important subject,has demonstrated the exis¬ 
tence in conimercial oils and fats of unor^ani/.ed soluble ferments, 
or enzymes, which have the ])roj)erly of decom]>osing‘ the neutral 
glyceride into free fatty acid and glycerin. These enzymes aj)i)ear 
first in the growing seed and jilay an imjiortant jiarty in the vital 
economy of the jjlant. They likewise influence the metabolism of 
animal cells and in both kingdoms of nature serve to explain 
the existence of the slight free acidity always found in even the 
freshest animal and vegetable fats. In the sjilitting up of the neutral 
glyceride the elements of water are absorberl and glycerin and fatty 
acids are set free. This constitutes the first step in the development 
of the state tv ed “rancid.” 

Further jirogress of rancidity is determined by the conditions 
surrounding the production of the jiarticular oil or fat. With olein 
(cottonseed-oil) kejit long in contact with moisture and the unstable 
albuminous matter of the cottonseed, the splitting up of the glyceride 
continues at a rapid rate with conseijuent deterioration of the oil; 
the same applies to stearin (tallow) exposed to moisture and unstable 
animal tissue; to butyrin, caproin, etc. (butter) exiiosed to moisture 
and equally unstable casein and likewise to all glyc’erides as they 
occur in their commercial forms. 

Rancidity may then be attributed to the action of moisture in 
the presence of enzymes. The first stage in the develojiment of 
rancidity consists in the liberation of free fatty acids, but at this stage 
we cannot term the oil or fat rancid, for free acidity can exist with¬ 
out rancidity. Rancidity, however, follows rai)idly, for the influ¬ 
ences of light and air (oxygen) favoring and intensifying the decom¬ 
position of free fatty acids, soon become operative, but which alone, 
as staled, would be without elTect. 'I'he initial hydrolysis of the 
glycerides has been likened to the slow decomposition of granite 
in the course of centuries. 'Fhe free fatty acids thus formed are 
then degraded in a secondary reaction into volatile acids of lower 
molecular weight which, on being oxidized by the oxygen of the air, 
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(iispluy ihf disagreeable taste and smell which are comprised under 
the term “rancidity.” 

Liquid fats (oils) become rancid more readily than solid fats 
and the general belief, not conclusively demonstrated, that oleic 
acid is the principal acid set^ free forms the basis of the arithmetical 
^•alculation of the free acidity test, but in a series of experiments 
made by A.*Thum* to ascertain the (yder, if any, in which oleic, 
palmitic and stearic acids are liberated from their corresponding 
glycerides in the production of acidity and rancidity, he found that 
the ratio between oleic acid and tlie solid fatty acid in the free fatty 
acids of i)alm- and olive-oils, is the same as that in which they exist 
in the neutral fat. The following causes conducive to a high i)cr- 
centage of free fatty acids in the various grades of tallow may be 
enumerated: 


(1) Allowing fat lo stand before rendering, especially in warm 
weather. After death of -the animal, decomposition immediately 
.sets in and the first ste[) in the decom])osition of tallow is the se[)ara- 
tion of the glvcerides into fattv acids and glvcerin. 

(2) An excessively high temjierature in rendering increases the 
amount of free fatty acids. The jiresence of water in the tissues 
and the inlluence of a high temperature in the rendering-tank lend 
to the hydrolysis of the glyceride. 

(3) Rendering in closed ve.ssels increases the percentage of 
free fatty acids. It is clear that there prevail here conditions that 
are ])urposely introduced and maintained in the saiionification 
procc.ss for the manufacture of fatty acids and glycerin. 

It is therefore evidimt that the percentage of free fatty acids 
is a reliable index not only of the fjuality of the stock used by the 
rimderer, but a telltak* u]:)on the care which he has emjiloyed. 

Relation of Quality of the Stock to its Glycerin-content.—It is 
imiKirtant that we should clearly understand the significance of the 
free fatty acid jiercentage as an index of the amount of glycerin 
lost in the manufacture of tallow. Since the free fatty acid is as¬ 
sumed to be oleic acid, a molecule of the glyceride olein will serve 
the ])ur]>ose of ex])lanation. The molecular weight of olein is 884; 


♦Zeit. fur Angu. C'hem., iSyo, 482, 483. 
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the molecular weight of glycerin is 92; the molecular weight of oleic 
acid is 282. 'J'hese numerical relations become clear on a study of 
the graphical representation of the olein molecule. 


Olein, 884. 

0.C,JT:,30 

C3H., O.CisHsaO + 

O.Ci«H;,,0 

« 

(llycerin, 92. 

()JI 

C-dlr—(XH + 

O.H 


Water, 54. 

.3H2O- 

, Oleic acid, 846. 

3 CnIW).COOH. 


The seyiaralion of a glyceride into free fatly acid and glycerin 
is always aceomjianied by an obsoryilion of water as is indicated 
in the preceding ecpiation; 54 parts of water comldning with 884 
})arts of oli'in to form 92 yiarts of glyciTin and 846 ])arts of oleic 
acid. Thus loo jiarts of olein in sayionilicalion yield 95.7 parts 
of oli'ic acid and 10.4 yiarls of glycerin. 

The amounts of glyci'rin and fatty acids theoretically obtain¬ 
able from 100 jiarts of the tri glycerides named are here shown: 


tMi Saponifua- 

tlDll «l 1(10 


Tri-ulvi’cTiilcs 

Chirf Sources. 

Fatly 

.Atuls 

l^arts. 

Olvienn 

Paris, 

SlPiirin. 

Tallow anfl lard. 

05 • 7.1 

'O .14 

Oli'in. 

'I'allow and l.ird. 

05 ■ 70 

10.40 

T’iilmitin. 

Tallow and palm-oil. 

05 

1 [ .41 

La u rill. 

('oioanut- and jialm-kcrnd oils. 

04 04 

l.j 42 

Myristiii. 

Coioamit- and palm-ki‘rm‘1 oils. 

04 47 

12.70 

Rut^riii. . . 

Hiillt'r-f.il. ... . 

44 

50.46 

Lin<>I(‘in. . . . 

Linseed- and drying oils. 

05.21 

11 58 

Ri‘( inoldn. . . 

t'aslor-oil. 

05 02 

y.S8 


If a samyile of tallow indicates on analysis 10 per cent of free 
fatty acid, there is a remainder of 90 per cent of neutral fat, indi¬ 
cating ajiproximately a loss of 1 per cent glycerin on a basis of 
the fat, or 10 per cent calculated on the total amount of glycerin 
theoretically available. The extremely variable jiercentage of free 
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fatty acid in tallow is patent to every soap-chemist. The state- 
rrients made with reference to tallow are also applicable to bone- 
stock and grease, and here the loss in glycerin before the fat becomes 
the raw material of the soap-mak'tr is much greater. The follow¬ 
ing table is compiled from the results of frce-acidity determinations 
in the soap-stock mentioned. Each per cent is an average of a 
large number selected at random and covering the season indi¬ 
cated. 

TAlil.E XV—KREK ACIDIIY Ol- ANIMAE S()AI’.S'1<K’K. 



Pit Cont Free Fatty 
Acid-. 


nitiimcr. j Winter. 

7 «=: .S «5 

1 o ()S (). (>4 

18 03 7 4Q 

12.18 6 66 


The chief value of this generalization lies in showing the rela¬ 
tive influence of two seasons, with the conditions peculiar to each, 
ujum the Cjuality of the.se grades of stock. It also indicates that 
about 9 per cent is the maximum theoretical yield of glycerin that 
can be accorded animal soap-stock of fair average (quality used 
throughout the year. With animal s()a])-stock of fair average 
(quality the chief commercial signilicance of the j)resence of acidity 
and rancidity is the loss of glycerin resulting thereby. 

I'allow is composed of about Oi per cent stearin, 33 per cent 
olein, and 6 per cent ])almitin. 'I’he varying complexity of fats 
and oils in their glyceride constituents, aside from their deteriora¬ 
tion as glycerin-producing bodies in the processes of collection, 
rendering, refining, etc., forbids any exact statement of their theo¬ 
retical ])ercentages of glycerin. The theoretical yield of glycerin 
from stearin, olein, and palmitin is respectively JO.34 per cent, 
10.41 per cent, and 11,42 per cent. In practice, however, there 
is con.siderable loss, as has been .shown, and the figures stated are 
never reached. The free fatty acid in tallow, and in fact in all soap- 
stock, is assumed to be oleic acid and is calculated as such in the 
chemical method for its determination. 
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Purification by Treatment with Sulphuric Acid. —The pro¬ 
cedure of soap-boiling is in itself a purifying process, the unsaponi- 
fiable matter to a varying but large degree being flischarged into 
the waste lye. The free acidity ^)f the stock is corrected by com¬ 
bination with alkali. Nevertheless sufficient coloring-matter re¬ 
mains to alTect the color of the finished ^iroduct. 

With vegetable stock jirone to rancidity as cocoanul and palm- 
kernel f)ils, rancidity may be entirely corrected with boiled soap 
by insuring comjilete saturation of the stock with alkali. With 
cold-process soaps, (nving to the fncomjjlete reaction, only the best 
grades of both animal and vegetable stock should be used. 

Stock reijuiring treatment for color by the soaii-maker com¬ 
prises the xarious grades of tallow and palm-oil. llleaching jiroc- 
esses alone may be ajiplied to any oil, but as a rule they are used 
without treatment of any kind. The installation of a bleaching- 
])lant is determined by the (juality of stock, the amount used, and 
the quality of soap made. Simjilest treatment with sulphuric acid 
comprises the following procedure: A lead-lined tank ])rovided 
with an open steam-coil is used. In boiling up with live steam 
and dilute suljdiuric acid, the latter agent facilitates separation 
of mucilaginous matter by dehydrating it. One-fourth to i)er 
cent of 6o° B< 5 . sul])huric acid, according to the amount of 
im])urities i)resent, will suffice to ])recij)itate the mucilaginous 
matter. The stock may either be heated with closed steam-coils 
and agitated with an air-blast or heated and agitated w’ith live 
steam. The acid diluted with an ecjual volume of water is slowly 
added to the stock in agitation, ('ooking is continued for an hour 
or longer, when the contents are allowed to subside and the acid 
lii^uor is drawn off. The acid liquor, if not too foul, may be used 
to neutralize the alkalinity of waste soap lye. 'The stock may be 
afterwards washed with water to remove traces of remaining acid. 

The Sulphuric Acid-Bichromate Oxidation Process. —A further 


step beyond the dehydration and precipitation of the impurities 
is their direct oxidation, which more completely facilitates their 
removal. This process is aiqdicablc to the darker animal fats, and 
to palm-oil, which yields on suitable treatment a light-colored oil 
which forms a satisfactory partial .substitute for tallow in heavily 
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rosined soaps. The sulphuric acid-bichromate oxidation process 
is based upon the liberation of oxygen from potassium or sodium 
bichromate by means of sulphuric acid in accordance with the 
following equation: 

KaCraOr + 4Hi/S04 - 2KCr(Sp4)2 + 4H2O + O. 

Potassium bithruinalc. Sulphuric acid. Potass, cliroin." sulphate. Water. Oxygen, 

Tf hydrochloric acid instead of sulphuric acid be used, chlorine is 
evoh’cd from the o.xidation of the hydrochloric acid in accordance 
with the following etpiation: * 

KgCrof >7 +14HCI = 2K Cl 4 - 2CrCl2 + 7H2O 4 - 6CL 

If nt) other reaction of the na.scent chlorine (Cl) ensue, it decom¬ 
poses w’ater with the liberation of oxygen, thus: 

■6Cl4-3H20=6IlCl-l-30. 

Sulphuric acid preferably is u.sed. Acid of 60° Be. and a 25 per 
cent bichromate solution are the customary densities of the rea¬ 
gents. In the practical ajtplication of this process it is combined, as 
a rule, W’ith subsequent treatment with fullers’ earth and filtration. 
In Fig. 30 is shown in conventional form a bleaching-plant for tal¬ 
low, grease, and oil. 

Procedure.—The melted stock, at a temperature not exceed¬ 
ing 100° Fahr., is pumped to the lead-lined chemical-treatment 
tank. While the stock is in agitation, preferably by means of com- 
pres.sed air, the mixture of sodium-bichromate solution, sulphuric 
acid, and water is added. 'I'he projiortions of the bichromate solu¬ 
tion are 25 pounds of sodium bichromate to 100 pounds of water; 
the sulphuric acid is of a density of ()o° B 6 . The proportion of 
reagents used is determined by the quality of the stock and varies 
from \ to I per cent of 25 per cent bichromate solution and from 
I to per cent of sulphuric acid. The mixture is diluted with 
not less than an equal weight of water. The oxidizing mixture 
IS mixed intimately with the stock for a period of not less than one 
hour, heating being elTected as desired by means of lead closed- 
steam coils. At the end of the acid-bichromate treatment the con¬ 
tents of the tank' are allowed to .stand to settle out the chemicals, 
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whence they are run olT cither directly to the sewer or to be used to 
neutralize the alkalinity of waste soap-lye. If the settling period 
has been brief, a subscciucnt wash with water to remove any retained 
acid may be made. The stock is now transferred either by 
gravity, pumj), or steam-sij)hon to the ,bleaching-tank, where it 
undergoes treatment with fuellers’ earth followed by filtration. 


LEAD lined 



Nature and Valuation of Fullers’ Earth.—Agitation with fullers’ 
earth and filtration is the almost universal method for the clari¬ 
fication of oils. Originally, all the fullers’ earth used in the United 
States was imported chiefly from England, but in recent years 
deposits of very good quality of earth have been discovered and 
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arc being worked in this country. The color, taste, physical con¬ 
dition, or chemical analysis does not determine the value of this 
body for bleaching j)ur])oses. This can be determined with cer¬ 
tainty only by practical experiment with the oil to be bleached. 
When dry it adheres strongly to the tongue, but many clays, with 
which it may be regar(k?d as of similar j:haracter, do the same. 
Unlike clay, it lacks plasticity; it has a high ])ercentage of combined 
water, and a content alumina rarely exceeding 15 per cent. 
Its natural color varies from brown, gray, to dark blue, due to the 
presence of organic matter. Fullers’ earth was originally used 
for clean.sing cloth of grease and also by furriers for cleaning furs. 
Its chief physical characteristics are its fine grain, non-])lasticity, • 
and that when thrown into water and broken uj), it forms a 
.somewhat llocculenl mass. Its commercial value resides in its high 
ab.sorbeni and decolorizing power. In its jircparation for market, 
the usual method, after mining, is to spread the material in a thin 
layer over a drying floor, although a more modern method is to 
heat if by fire in cylinder dryers. Before jiutting it through the 
dryers, if is first pulverized. In drying it assumes a white color 
and jiarts with upwards of Oo per cent of moisture. It is then 
sieved into various degrees of fineness, usually 100 or 120 mesh, 
and put in bags for shipment. 

d'ho.se familiar with the use of fullers’ earth know that there 
are great diflerences in the jiroduct in bleaching cajiacity, as well 
as in physical apjiearance. Its physical ajijiearance is often made 
a gauge of its value to do work, and a sanijile is often accepted 
or rejected, merely on its color, taste or general appearance. 
The true measure of value of fullers’ earth, however, is its capacity 
to do the work for which it is purchased; and of several sam])les of 
equal price, it follows that the one that bleaches the slock in the 
best manner, yielding the best-colored or best-flavored stock with 
equal amounts of earth, is the best ])roducl. 

Of two samples of dilTerent price, the higher-priced product 
may be the cheaper to the consumer, for it may have a greater 
bl(*aching cajiacity than the cheaper, and leave the .slock in better 
condition. In other words, the cost of the clay u.sed to produce 
the required result per 100 pounds of stock may be actually less 
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with the higher priced earth than with the cheaper, owing to the 
better quality of the former, and the smaller amount that haslo 
be used. 

This, then, is the true l)asis of the value of fullers’ earth, viz., its 
actual cost to })r(>duce the best results per loo pounds of .stock. 

The only classification of clavs vvliiclfisuggests itself bv which 
definite jilace can be given to the variety called fullers’ earth would 
be based u])on the consideration of the relijlive ])roportion of total 
bases, such as alumina, iron, calcium, magnesia, alkalis and silica, 
together with the jjroportion of waiter in the sun-dried clay. Very 
frequently the clays which have a large jirojiortion of total bases 
and silica usually contain more than the average amount of water. 
For examjile, kaolin, containing from 40 to 50 per cent of silica, 
and from 30 to 40 jier cent of total bases, will frecjuently contain from 
10 to 15 per cent of water in the sun dried material. Where, how¬ 
ever, the percentage of silica is very high, say 70 ])er cent, and the 
total ])ercentage of bases less than 30, the jiercentage of water is 
usually quite low. Fullers’ earth ajijiears to be an interesting 
exception to this rule, as its chief chemical characteristic seems to 
be a high percentage of silica, which, though varying through a con¬ 
siderable range, freipiently reaches 65 to 70 per cent, but with a total 
proportion of bases evc'ii as low as 20 per cent, and seldom higher 
than 28 per cent; while the percentage of water in the sun-dried 
material will range ea.sily from 15 to 25 per cent. .Xjijiroximately 
half of this water can be driven olT by ])rolonged heating in a water- 
bath; the remainder is onlv to be driven olT at a much higher tern- 
perature. 'J'hese clays usually stick to the tongue more than other 
clays. When jilaced in water they show no plasticity, but fall apart 
in gelatinous Hakes. 

Such clays have been used for very many years, even in this coun¬ 
try, for extracting from nc-wly marie cloth the oil used to render 
the wool ])liable in weaving. From this fulling process the clay 
has taken its name. 

Silliman refers to a deposit near the town of Kent, on the Housa- 
tonic River, in Connecticut. He states that: “A fullers’ earth is 
a clay usually soapy in its feel, very absorbant of grease and oily 
matters: fine in its texture, so as to present no parts that shall be large 
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and harsh enough to injure cloth or wool, mechanically, by rubbing; 
it should fall to powder easily in water, so as to diffuse itself through 
that fluid and easily mix with it g,nd with the stuffs to which it is 
applied. The fullers’ earth of nam})shire, ICngland, so much cele¬ 
brated, is of a greenish yeflow, tolerably firm, crumbles easily in 
water, receives a polish from the finger nail, and is very powerfully 
detergent. This is, after all, the important criterion by which to 
distinguish fullers’ eartli^ if it removes grease with avidity, crumbles 
easily in water so as to diffuse itself readily, and yet is not so coarse 
as to wear the fibre, it is fullers’ earth. The subject is of some prac¬ 
tical im[)ortance to this country on account of its woolen manu¬ 
factures, which,, although checked for the present, must eventually 
rise and prevail. While they are of small extent it may be better 
to use soa]), but in very large establishments fullers’ earth from its 
cheapne.ss (provided it can be abundantly obtained) is very desirable. 

“ With res])ect to the existi'nce of fullers’ earth in the clay of the 
Kent iron bed, it ajijiears very jirobable, and some of the s]>ecimens 
ajipear very like the Hampshire earth, but experiments alone can 
decide.” 

This visit of Silliman was in 1820. W^illiam Thom[).son found 
clay in a fullonica excavated at Pompeii, which was pointed out to 
him as the soap which the ancient inhabitants used. This was used 
not only by the washers and dyers, but freituently in the ordinary 
houses. In composition it has the general characteristics of fullers’ 
earth. 

One of the first uses for the white kaolin at Woodbridge, N. J., 
was for this same purpose of fulling cloth in the absence of real 
fullers’ earth. 

But the name fullers’ earth has usually designated the material 
obtained in Surrey, England. This has been the chief source of 
supiily for ICnglish cloth manufacturers and for cx[)ort. Various 
attempts have been made by mineralogists to find in fullers’ earth 
some definite mineral substance which could be referred to as dis¬ 
tinctive and which could be found in all varieties. Thus, Dana 
sjx'aks of it as being in jiart kaolin and jnirtly the hydrous silicate 
smectite, but this has been of little value in the identification of other 
SjX'cimens. Even to-day the name fullers’ earth is applied to any 
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form of clay which has the characteristics mentioned above and is 
capable of absorbing li(juids in considerable quantity, and particu¬ 
larly when it will act like bone-black in removing the coloring-matter 
from oils. 

The Filter-press.—The filter-press is'a machine (Figs. 31 3 ^) 

for the sei)a'ration of liquids from solid matters suspended in them. 
This is one of the most frequent and important operations in all the 





Fio. ,^i.—Thirty-incli Filtc-r-prcss with Thirty-six I’hitcs. 


chemical industries, whether its object be that of recovering the pure 
litjuid, or the solid matter, or both; and as tht* filter-press is by far 
the most convenient a])])aralus for carrying out this ojieration, it has 
found, and continues to find, very general use. 

Its advantages are easily exiilained liy its construction. A filter- 
press consists in ])rinci])le of a number of chambers lined with filter¬ 
ing material, most often cotton cloth. These chambers may be 
formed in two ways; jilates having recessed faces, the recesses in 
adjoining plates together forming the chamber, or flat plates alter¬ 
nating with frames of the desired deiUh. In either case the jilates 
are yirovided with cither ^’ertical, horizontal, or diagonal grooves, 
both sides being covered with filter-cloths. The plates, or plates 
and frames, are clamjied together between two “ heads ” by a strong 
scn;w lying in the axis of the jiress or a jiair of screws working on 
the bars supporting the filter-]dates. 
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All the plates and one head arc provided with a hole cither in 
the centre, side, or corner, according to the construction, and similar 



I'lu. —Filtcr-pni.ss Plate. 



Fio. 3.^—Filter-press Frame. 

holes arc made in the filter-cloths, a joint being made between 
the cloths and the ])late by suitable unions. A continuous feed- 
channel through the whole press is thus formed. 
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The liquor lo be filtered enters through this feed-channel under 
pressure, fills all the chambers, and is then forced to jiass through 
the filter-cloths, leaving the susjii'nded solid matter behind, which 
graduall}’ fills the chamber. The clear liiiuor passes down the 
corrugations on the faces of the plates and finds its way out through 
a channc'l wliich connects the vertical grtioves and loads into an 
outlet ])ort. 

Filtration continues with graflually ri?.ing jiressure until the 
whole chamber is filled with a s^lid cake. As soon as this is the 
case, the feed is cut off, the pres-, unscrewed, and the plates separated. 
The cakes of solid matter dro]) out, the jiress is screwed up and is 
then ready for another ojieration. 

The elliciency of a filter-jiress depends upon the construction of the 
j)late (Figs. 32 and 37); its capacity dejiends upon the dimensions of 
the jilate, which may vary from 18 to 3O inches s(|uare with sijuarc 
jilates anfl from 18 to 3O inche-^ diameter with round plates, and ujxm 
the number of jilates which i^ determined by the amount and t harac- 
ter of the material to be filtered, 'fhe thickness of the cake may 
be increased within jiracticable limits by the insertion of frames 
(Fig. 33). The switch-cock and double gutter shown in Fig. 34 are 
very useful arrangements for sejiarating jiress washings from the 
clear filtrate. In case of an accident to the cloth while the jiress 
is in ojieration, the turbid filtrate from any chamlier can be re¬ 
turned to the tank containing the unfiltered material by clirecting the 
flow from that chamber by means of this device into the gutter 
emptying into that tank. 

The filter-press contains the largest filtering area in the smallest 
space; it permits the use of high jiressures and consequently rapid 
filtration and the formation of a hard cake, while both the liijuid 
and the solid are obtained in the most convenient and easily 
handled form. 

Two principal types of presses have been mentioned: one in 
which the plates have receissed faces, commonly known as the 
“ recess-jilale ” or “chamber” jiress; the other, in which flat 
and frames are employed. Is known as the “frame” press. 

Various factors determine the choice between the two types. 
The chamber press is obviously cheaper, as it has only half the 
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number of joint faces. It has the further advantage, that as soon 
as the press is opened and the plates separated the cake drops 



Fk;. 34.—Switch-cock and Double Gutter. 



Fig. 35.—Filler-press Plant. 


out. The feed-channel being large and central, there is very little 
risk of its becoming clogged even with heavy materials. 

In the frame press the feed-channel is generally placed in 
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flaps outside the joint of the i)lates and frames, so that filtering 
surface is gained and th(; cloth unions are avoided. On the 
other hand, the ])orls leading from the ])assage into the chamber 
are more easily clogged by heavf materials than the centre channel 
of the chamber ])re.ss. When the frapje press is opened, the cake 
remains in .the frame, and this type is therefore obviously unsuited 
when the material does not form a solid cake. 

The type of ])ress being chosen, an imjjortant characteristic of 
the ])ress still remains to be fixed, viz., t!ie thickness of cake, or 
dei)th of chamber. This (kpeiiAs entirely on the material, and is 
a matter for experiment. As long as a cake still allows liquid to 





Flo. .^6.—Filter-press with Steel Panel Plates. 

j)ass through it without excessive ])ressure, so long filtration will 
continue. Some materials will form cakes u]) to 3 and 3?, inches 
thick, but a more general figure is t?, inches, which is the usual 
depth of the chambers of the chamber press. 

The feeding of filter-jtresses is also a matter deserving close 
attention. As soon as the turbid liquid is admitted, a film of solid 
matter is deposited on the surface of the cloth, which really acts 
as the filtering material, the cloth being a suj)port for it. It is 
essential that this solid matter shoukl not be driven into the pores 
of the filter-cloth, and the pressure must therefore be put on. 
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increased gradually, and violent fluctuations avoided. Presses 
may be fed by suitable pumps or by means of com})ressed air. 

With a given type of press, a point of the greatest importance 
is the selection of the most suitablt lilter-cloth. The cloth must be 
of sufficiently close texture Jo retain all the solid particles, yet not 
closer than necessary, so as not to obstruct the flow of the clear 
liquid and rbtard filtration. 

When the chambers are filled with solid matter, filtration ceases, 
the relief-valve ojicns and returns the unfiltered material to the 
tank. This stage is indicated in» advance by the reduced filtrate 
and increased pressure on the gauge. The press is now steamed 
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Fir.. .^7 —Cimstruclion of Sit’d Pane! Plate. 


or blown out, the washings being ri-turned to the crude tank. The 
nuts on the side-screws arc then loosened and the blocks taken 
off. A man on each side of the press shoves back and loo.sens 
each cake, which drops in the jian beneath the jircss. After remov¬ 
ing the cake the press .is tightened uj) and is again ready for use. 

Bleaching with Fullers’ Earth.--Phe bleaching-tank is a cylin¬ 
drical .sheet-steel tank and is provided with a closed steam-coil 
for maintaining the requisite temperature, which need not exceed 
125" Fahr., and with either an air-blast or a mechanical agitator 
for effecting intimate admixture of the slock and earth. The pro 
])ortion of fullers’earth u.sed dejiends upon the quality of the .slock, 
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;ind as a rule does not exceed i to 2 ])er cent. It is sifted upon the 
surface of the li(juid stock and the wliole is well mixed. I'he prog¬ 
ress in the absori>tion of impurities by the earth may be observed 
from time to time by filtering *a sample of the mixture through 
filter-paper into a 4-ounce oil-sam])kv bottle and comparing the 
color of the filtered stock with a previous^ sainjile. When the color 



Fig. 38.—Apparatus for Bleaching Palm-oil. 


of two successive samjiles thus treated is uniform the maximum 
bleaching effect may be assumed to be obtained. With the mixture 
of stock and earth in agitation the whole is jnimjied through the 
filter-press, the filtrate the'refrom being conducted to storage-tanks or 
to the soap-kettle, as desired. 
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Press-cake.—I'lic residue left in the fdtcr-})rcss and forming 
the cake is fullers’ earth plus absorbed organic matter, with more 
or less retained stock. The (luantitv of the latter may l)e reduced 
to a minimum by steaming out the press. The disposition of the 
stock thus separated by sti*am will be determined by its ([uantity 
and ({ualityj The stock* yet remaining in. the cake, wliile of con¬ 
siderable amount in the long run, is valueless considering the 
expense of its recovery.* The i)ress-cakc is a wortliless by-product. 

The following analyse; of i^)ress-cake o 1 )tained in bleaching 
greas(‘ will serve to indicate its general characteristics: 
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Bleaching of Palm-oil by Oxygen of the Air.—A devic e for 
the bleaching of ])alm-oil by means of the o.xygen of the air is shown 
in I'ig. The bleaching ai)paratus consists of a closed iron vessel, 
on the u])j)er ])arl of which is liKC'd a steam-jet exhauster, marked 
C. In the vessel is a C()j)per healing coil, 7 v, and at the bottom 
an annular air-distributing ])i|)e with a large number of small 
holes, connected to an air inlet pi])e, E, carricvl outside the vessel 
above the level of the oil. The i)alm-oil is first li(j[uefied in a lank, 
and is then allowed to stand for a fc‘W hours, so that the water and 


dirt may .settle to the bottom. 

The licjuid oil is then poured into the bleaching-ve.ss(‘l, the top 
cover is closed, and steam is admitted to the cojjper coil, until the 
oil is raised to a temperature of 212° Fahr. The exliau.sler is then 
started and air drawn through pij)c E, and through the oil. 

The air i.ssuing through the small holes of the distributing- 
]npc comes into intimate contact with the oil, and the oxygen of the 
air is thus fully utilized for bleaching. 
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CHAPTER V. 


THE CHEMICAL CIIARACTliRlSTTCS OF SOAP-STOCiC AND 
THEIR iiEIIAVIOk* TOWARDS SAPONIFYING AGENTS. 

Classification of Soap-stock. Class T. Cocoanut- and Palm-kcmel 
Oils. Class II. Olive-, Com-, and Cottonseed-oils. Class HI. 
Tallow and Palm (HI. Class IV. Lin.secd- and Castor-oils. Class 
V. Red Oil and Rosin, Soap-makers’ Percentage. Saponifying 
Agents. 


Classification of Soap-stock.— In the preceding pages wc have 
considered the source and ])reparalion of the chief raw materials 
of soap manufacture. The different organic bodies display differ¬ 
ent and characteristic properties in the })rocess of combination 
with alkali. As this difference rc.sides in the chemical composition 
of the bodies, it is po.ssible to classify .soap-stock in accordance 
with their chemical composition and behavior towards saponifying 
agents. 


TABLE XVI(/i).-CLASSIKICATION OK SOAP-STOCK. 


I. 

11 . 

111 . 1 

IV. 

V. 

ConKinut-oil 
Palm-kcmel oil 

Olive-oil 

Olivc-oil— 1 'Vm) 1 s 
C' orn-oil 
('(>(t<insec(l-oil 
Sunllowcr-secd (»il 
Peaiuit-oil 

1 

I'll How 

Palm-oil 

Greases 

JJn.sec<l-oil 

Ca.slor-oil 

Red oil 

Rosin 


As has already been explained the combination of a fat or oil 
with caustic alkali is a progressive and stepwise reaction based 
upon the constitution of the former bodies as triglycerides. It may 
be noted in this connection that the reactions of organic bodies do 
not proceed with the same ease and certainty that characterize the 

reactions of inorganic bodies. Combination in the majority of cases 
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docs not ensue immctlialely, although the reacting bodies may be in 
intimate contact, and in almost every case especial pains must be 
taken to complete the reaction^ as is done in the strengthening 


change of boiled soaps. 

Class I. Cocoanut- and Palm-kerael Oils. —These oils stand 


alone with respect to tire large quantity of alkali absori^cd, the high 
densityof the alkali solutions required for saponification, the firmness 
and high yield of llie resulting soap and its c'hj)acity for the absorption 
of water and mineral filling maV.er, and the large quantity of salt 
required for graining, aside from certain peculiarities of the stock 
which particularly adaj)! it for soap-manufacture by the cold 
process. These characteristics are ex'plained by the composition 
of the oils themselves. Two samples of commercial cocoanut-oil, 
examined by Ulzer,* analyzed about 2.32 per cent of the glycerides 
of volatile fatty acids (chiefly caproic and cai)rylic acids), and about 
10.45 olein, the remainder consisting of laurin and myristin 

with a little caprin. The presence of palmitin is regarded as doubt¬ 
ful. Oudemans gives the following as the composition of palm- 
kernel oil: olein, 26.6 ])er cent; stearin, palmitin, myristin, 33 
l)er cent; laurin, caprin, cupiyflin, caproin, 44.4 i)er cent. Although 
palm-kernel oil produces a soaj) of essentially the same character 
as that made from cocoanut-oil, the meagre source of the supply 
in comparison with that of cocoanut-oil greatly restricts its use. 

Cocoanut-oil sajKmifies readily with concentrated lye and sa]x)ni- 
fication, when once started, proceeds with great rapidity. ]\Iuch 
heat is evolved in the process of combination. With weak lye, 12° 
Be., which density is most suitable for tallow saponification, com¬ 
bination does not begin until the lye has been concentrated by the 
evaporation of the superfluous water. The soap formed is thin, 
very fluid and lacks the characteristic body of a tallow soap. Dur¬ 
ing saponification by the boiled processes, cocoanut-oil swells con¬ 
siderably and it is best, in order to avoid running over the kettle 
and to more satisfactorily work the contents, to saponify the total 
charge in successive portions. Frequently saponification may ensue 
so rapidly that the entire contents of the kettle will “set” to a firm 


* Chem. Kcv. Fatt- uiid Harz Ind., 6 [ii], 203, 204. 
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mass. To avoid the troublesome after-manipulation thus made 
necessary, it is best to retard saponification, when such a tendency 
appears, by the addition of dry salt, or brine, and to vigorously work 
the mass through with live steam. • 

Pure cocoanut-oil soaj) possesses a peculiarly caustic taste, even 
thougli no free alkali be jiresent. Owing to the solubility in water 
and dilute brine of the alkali salts of the 'fatty acids of cocoanut- 
oil, a much greater quantity of salt is required for graining than 
with animal and other vegetable soap-stock. Owing to the fluidity 
of the soap and its capacity for ^vatcr and to obtain economy of 
kettle-space, the use of dry salt in graining is preferable. The waste 
lye from a well-grained cocoanut-oil tallow soap, containing 50 per 
cent of the former ingredient, will contain almost twice as much 
salt as a waste lye from a tallow cottonseed-oil soap. Thorough 
graining of settled coCoanut-oil soajxs is necessar}’^ to prevent the soap 
being retained in solution in the hot waste lye, which separates as 
a gelatinous mass of soft soap, on the cooling of the latter. 

It is advisable to hold waste lye from cocoanut-oil soap in stor¬ 
age until chilled, to allow the return of the sej)arated soaj) to the 
kettle. 

Cocoanut-oil soap is white, brittle, and hard. It lathers freely 
in both fresh and salt water. The lather is formed quickly, is of 
thin body and lacks permanency. In the manufacture of settled 
.soap cocoanut-oil is a xaluable addition to tallow and cottonseed- 
oil, the ])roduct of sucli a mixture being superior to that i)roduced 
from either .slock alone. Cocoanut-oil soaps almost invariably 
become rancid with age and betray the presence of the oil in the 
offensive odor. This may be overcome to a degree by perfect 
saponification. The natural comj)actness of cocoanut-oil .soap 
lends itself, in mixed stock, to overcome the “cracking” to which 
all settled soap is susce])tible. Coctianul-oil of good (juality for 
soap makers’ use is con.sidered to liberate in the kettle about 12 
per cent of glycerin. 

Cocoanut and jialm-kernel oils liberate more glycerin than any 
other oil used in .soa}) making, which is in harmony with their high 
absorption of alkali. 

Nagel made numerous experiments for the purpose of finding 
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out why cocoanut-oil is easily sa])()nifiud in the cold way, all other 
fats and oils used in the soap industry needing considerable heat 
for saponification. In the first place it was necessary above all 
to look at the chemical composition of these fats, all other fats 
being composed of the glycerides of the higher fatty acids, such as 
stearic, oleic, and palmitic acid. Cocog nut-oil is composed of 
much lower fatty acids, chiefly myristic, cajiroic, caprylic and capric 
acids. But from this alone the cold saponiQcation cannot be under¬ 
stood, because there is no great difference in the saponification of 
the glycerides of myristic and stearic acids. Now it is known that 
the glyceride of myristic acid, by the influence of air and moisture, 
is easily decomposed (this jirocess causing the slate called ran¬ 
cidity), whereby lower fatty acids, lactones, and other products 
arc obtained, which arc easily saiionified. Cocoanut-oil so quickly 
becomes rancid that in the market only the rancid product can be 
bought, which is used for soap-making. 

It is now well known that the glycerides of the lowest fatty acids 
can be easily saponified in the cold way, yielding great heat. 

This jiroperty decreases with the decreasing solubility in water 
and with the increasing number of carbon atoms in the molecule, 
so that the glycerides of the higher fatty acids can only be saponified 
under comparatively great heat. 

Nagel further states that if the saponification has taken place, 
the same continues also to fats which arc not easily saponi¬ 
fied at a far lower than the usual temperature. This is effected by 
the kalalytic action of the ions of hydrogen and goes on in a log¬ 
arithmic .se(iuencc. 

If we have now a mixture of fats which sa])onify with difficulty 
with fats which are easily saponified, the saponification takes place 
at a temperature far lower than if the latter were present. 

The saponification which begins at a low temperature by the 
presence of other low fatty acids, continues and induces the further 
saponification of the higher fatty acids. 

In this sim])lc way also the cold saponification of cocoanut-oil, 
which contains always quantities of the lower fatty acids and other 
substances accompanying rancidity, which are easily saponified, can 
be explained. These substances begin the saponification which 
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continues with the higher fatty acids. A similar process takes place 
in saponifying rancid butter and other rancid fats, i.c., fats con¬ 
taining the lower fatty acids and substances which are easily 
saponified. 

Class II. Olive-, Com-, ,and Cottonseed-oils.—Just as the fatty 
acids of glycerides of low molecular weight arc characteristic, and 
give rise to ‘the peculiarities of the soap-stock of the preceding class, 
the glyceride olein is characteristic of the soap-stock of this class 
and imparts to it its properties. 

Olive-oil is the representati^e non-drying oil. It saponifies 
readily with caustic lyes of variable densities, producing a light- 
colored to greenish soap, according to the quality of the oil and 
yields readily a thin, slimy lather peculiar to all soaps made from 
stock in which olein predominates. "J'he color of olive-oil and 
olive-oil foots soaps gradually disappears on ageing. Olive-oil i)ro- 
duces a mildly cleansing • soap for toilet purjjoscs and, being free 
from the unsaturated glycerides of the drying oils, is an ideal stock 
for textile soaj). 

The remaining oils of this class arc semi-drying oils, of which 
sunflower-seed and peanut-oils arc of no importance in the United 
States as soap-stock. Cottonseed and corn-oils closely resemble 
each other in their chemical characteristics, and in their behavior 
towards saponifying agents, arc practically identical. Refined 
cottonseed-oil saponifies with difliculty, especially when used with¬ 
out admixture of animal stock, and only after long-continued 
boiling. Saponification is best begun with caustic lye of 15° Be. 
It ensues more readily with the crude oil owing to the presence of 
free fatty acids and may be hastened with the refined oil by addi¬ 
tion of soap-scrap or admixture with easily sa[)onifiablc fats. 
Unless carefully refined and thoroughly saponified, soap made 
from cottonseed-oil is subject to rapid deterioration in appearance 
through discoloration and rancidity. The chief disadvantage of 
cocoanut and cottonseed-oils is their proneness to rancidity. Cot¬ 
tonseed-oil soap is not so easily grained as tallow. It is naturally 
of thin body, which appearance should not be confused with 
excess of water. Fresh cottonsced-oil soap is white, but discolors 
rapidly. 




Cotlonsccd-oil is the chief commercial vehicle for the glyceride 
olein. Jt is em}jloye(l, as a rule, in iulmixlure with varying propor¬ 
tions of tallow and grease. A marketable settled soaj) of cottonseed- 
oil is not practicable. Soaj) thus niade is “ tliin ” and lacks the body 
of a tallow soa]). by the use, howi-ver* of a large proj)ortion of 
soda-ash and^ sodium silicate in crutching, an artificial firmness may 
be imjiarted. The only household soaj) on the market* liaving an 
cxclusivefy cottonseed-oil origin is that made^of cottonseed-oil soap- 
stock. 'rhe use of this material in the manufacture of domestic 
pur[)ose soa[) is ra])idl}' e.vlending,*and in many parts of the South 
is sold almost to tlie e.\clusion of tallow laundry-soap. Thorough 
elimination of the albuminous and mu.scilaginous matter and as 
comjilete a sejiaralion of the coloring-matter as is pos.sible from the 
crude slock, with generous apiilication of soda-ash and sodium 
silicate, admit of a .surjirisingly fine i)iece of laundry soap, ajipar- 
ently well adapted to an uncritical taste and tlie prevailing hard 
water of the South. 

Sodium oleale is soluble in ten parts of water, wliilt* sodium 
stearate we have seen is not apju'eciably affected by this volume. 
In accordance with its greater solubility we note its peculiar 
lathering projiertie.s. It lathers more readily than sodium stearate, 
but instead of the firm lather of tallow soaj) obtained only after 
much rubbing, we have a slimy lather jii'ciiliar to all soajis made 
of oils con.sisting largely of olein, viz., castile and cotton-oil soaj)- 
stock. 


The great affinity of sodium oleate for water manifests itself 
in the readiness with which soaps containing a large proportion of 
it “sweat.” This tendency at its maximum is met with in unfilled 
soaj) made from ct)tton.seed-oil soa].i-stock. This soaj) in entirely 
sodium oleate. So marked is tliis tendenev that anv consider- 
able increase in atmosjiheric humidity is shown by the accumula¬ 
tion of a film of moisture ujion the surface of the soaj). Cotton¬ 
seed-oil will liberate about lo per cent of glycerin in the kettle. 


Class III. Tallow.—The characteristic glyceride of soap-stock 
of this class is stearin and palmitin with variable proportions of 
• olein. Tallow in its various grades and palm-oil admit of ready 
saponification with weak caustic lye, preferably io° to 12° Be., and 
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more so as the percentage of free fatty acids increases, as in greases 
and the lower grades of palm-oil. Soa])-stock of this class makes 
a iirm soap with good body, readily grained, and in its behavior 
in the kettle gives well-dci'jn(*d indications of the progress of saponi¬ 
fication. Weak caustic lye is absolutely necessary for the saponi¬ 
fication of neutral stock o( this class, otherwise the first-binned soap 
is immediately thrown from solution and the jirocess of .saponifica- 
tion retarded. With con^centrated caustic lye the fat will tloat upon 
the surface and emulsification will not begin until the former has been 
diluted either by water from condensed .steam or that added for the 
direct jiurjiose of dilution. 

It "is common practice in the boiling of settled .soaj) to make, as 
a rule, lye of high concentration and to dilute it as re(iuired, usually 
as the caustic lye is aflded to the kc'ttle. By this method smaller 
caustic tanks an- re(iuiri‘d with resulting economy of space. 

As shown in 'J'able 111 , 'tallow gives the least yield of anhvdrous 
.soa]) of all the gl}ciri(le stock commonly employed. It re(|uires 
the least quantity of salt for graining, being sufllciently grained 
with from 8 to jo per cent of salt in the waste lye. It jjroduces a 
white soap at cording to the (piality of the stock. 

Sodium stearate, which constitutes the bulk of the drv soap, 
is one of the least .soluble in uater of all the alkaline salts of the fatty 
acids, it undergoing practically no change when treated with ten 
jiarts of water; neither is its hardness apjireciably alTected. 'I'his 
(|ualitv manifests itself in the inferior lathering jmijierties of jnire 
tallow soa|). Inirthermore, tallow .soa]) on aging becomes .so hard 
as to be used only with more or less injury to the fabric. Its com- 
])arative insolubility in water manifests itself in the readiness with 
which it dries. Its pre.sence in admi.xture with other fats inqiarts 
firmne.ss or body to the soa]), thus enabling a greater jjroportion of 
softer stock, or that fatty acid whose sodium salt has a greater 
afl'initv for water to be incorporated. Its use thus increa.ses the 
amount of water that may be added to a .soaj) without an exce.s.sive 
;;.acrifice of firmness. Sodium jialmitate so clo.sely resembles sodium 
stearate that the statements concerning the inlluence of the latter 
salt are directly aj)plicable. Palm-oil, of which palmitin is the chief 
glyceride, is of liniited u.se in the manufacture of American laundry 
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soaps. It is employed to some extent to disguise the odor of rosin 
in excessively rosined soaps. In Clreat Britain and Continental 
Euroi)e it replaces tallow to a large degree. 

The coloring-mailer of ])alm-oil is not destroyed Ijy sai)onifica- 
tion, but persisls in the soaj) made from it. It is destroyed, how¬ 
ever, by clvjmical l)leaching ])rocesses, the; bichromate j)rocess origi¬ 
nally pro])osed by Watts being usually employed, whereby a fine 
light-colored stock is obtained ajjproaching^he consistency of grease. 
Palm-oil is used to some extent as a base for textile soap and for 
this ])ur])ose stands next to olive-oil. Stock of this class, j)arlicu- 
larlv tallow, is the standard soa])-stock and for boiled soa])s is Ihe 
basis of the blending with other fats and oils, 'khe various fats and 
o!ls in admixture in the ])rocess of saiKmificalion tend to impart their 
])ro])erlies to each other. Stock of Class 1 requires lye of high 
density for saj)oni]ication, not less than 20° He.; stock of Class II 
and Class 111 is satisfactorily worked with lye so dilute, j 2-15° Bek, 
as to be unsatisfactory with stock of Class 1 . When these various 
fats and oils arc mixc'd, as is freciuently done in the manufacture 
of laundry soaj) and loilet-soaj) base, the re(|uirements of each are 
modified so that a stock requiring for sa])onirication alone a concen¬ 
trated Ivc combines with Ivc of a densitv with which it would not 
othervvise combine without troublesome manipulation. On the other 
hand, a stock sajumifying alone readily with weak lye, combines, 
in admixture with stock of high alkali absorj)tion, with more concen¬ 
trated lye. The same ])rinciple holds in the formation of lather, 
which is a ])rime consideration in the manufacture of soa]), either 
settled or milled, for toilet pur]X)ses. Soaj) macle from stock of C'lass I 
yields a (piick, ])rofuse but thin lather; from Class II an abundant 
slimv lather; from Class III, a slow, thick but lasting lather. Tal¬ 
low and good grease will liberate in the kettle about 9 ]>er cent of 
glycerin. 


Class IV. Linseed- and Castor-oils. —Linsc'cd- and castor-oils 
are of very limited use in the United Slates as soa])-stock, being 
cmi)loyed exclusively for s})ecial soa])s, as the .Sapo veridis, or 
green soaj), of the' j)harmacy and transj)arent sf)aj). Stock of this 
class is very readily saj)oniried and yields a (juick-lathering, very 
soluble soaj). Linseed-oil is used to a great extent in European 
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countries for soft soaj). The soap is of pale-brown color and of 
characteristic odor. 

Class V. Red Oil and Rosin.— As seen in Chap. Ill, red oil 
is commercial oleic acid, and in its behavior toward saponifying 
agents may be classed with wsin, which is essentially an acid body. 
As no glycerin is to be libvrated, there is no saponification, combina¬ 
tion consisting of direct saturation with alkali. It is jiossiblc to effect 
combination either in wjiole or part with soda-ash, which is much 
cheaper than caustic soda, but the jiructical disadvantages outweigh 
the a^iparent economy. Red-oil or “oleine” soaji is used to a large 
CTOtnt in the textile industry and will lie discusserl under Textile 
Soa])s. Consisting chiefly of oleic acid, soap made* from red oil 
])ossesses the general properties common to soaj) made from stock 
of Class 11 . 

Rosin “ soap” is a soft, sticky body of dark-brown color, according 
to the quality of the rosin, ' Consisting when in a jnire slate entirely 
of organic acids, rosin jicrmits of saturation with either caustic or 
carbonated alkali. It is rarely ‘‘ killed ” alone or by means of soda- 
ash, but with caustic soda, ami usually after the glyceride slock 
has been added to the kettle and killed. 

The alkaline salts of the rosin acids arc very hvgrosco])ic, naturally 
readily soluble in water, and make a very soft soaj). They detract 
from the firmness of all soaps in which they enter. I'heir presence is 
betrayed by a stickiness due to the marked aflinity of the alkaline 
resinates for moisture, which peculiarity manifests itself in the readi¬ 
ness with which rosined soajis “sweat.” Their detergent properties, 
ready solubility, and chea[)ness make them an indisjicnsable addi¬ 
tion to the firmer tallow, whose hardness they greatly ameliorate. 
The amount of rosin that a fat or oil will assimilate without becoming 
unduly soft dejiends U])on the jiercentage of stearin in the fat or oil. 
A gf)od firm tallow will carry much more rosin than a soft grease 
and the relative proportions of fat and rosin to use arc determined 
by the grade of soap it is desired to make. The presence of rosin 
in a soap invariably is betrayed by its stickiness, and to reduce this 
‘‘sweating” to a minimum with a constant percentage of rosin, the 
quality of the fat-stock must be imjiroved. A good grease will carry 
25 to 50 per ctmt of rosin without the soap becoming excessively 
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soft. Soap containing rosin becomes darker with age, while a soap 
made from unbleached palm-oil retains its yellow color even when 
rosin is used, although without the i)resence of rosin the character¬ 
istic color of the palm-oil would'gradually disapjjcar on exposure to 
light and air. , 

Soap-m^ers* Percentage.—By soap-makers’ [)ercenlage is under¬ 
stood a method of exj^ressing the pro])ortions of glycericle stock and 
rosin with which the kettle is charged. A 100-per cent ro.sin soap 
contains equal j)arts of fat and rosin; a 5o-i)er cent rosin soap con¬ 
tains 3 j)arls fat and ^ part rosin,*a 150-per cent rosin soap contains 
the 1 i)art fat and 3 ])arts rosin. 

A more rational method to exi)ress the ])r()porlions is the percent¬ 
age rosin on the ])asis of loo jK)unds of fat-stock. Thus a mixture 
of 75 jjarls fat and 25 ])arts rosin by soa]>-maker’s percentage is 
called a 50-per cent rosin soap. This is ecjuivalent to too pounds 
of fat-stock and 33J ]x)unds of rosin or 33J j)er cent of rosin on 
the basis of too ])ounds of fat stock. 

Saponifying Agents. Caustic Soda and Caustic Potash.—The 


greater chea])ness of caustic soda restricts the use of caustic pot¬ 
ash to soa])s of siTCcial character. Although caustic ])otash is the 
more energetic base, in fact the most strongly basic of all the metals, 
potash-soaps are notable over soda-soaps for their mildly detersive 
and less harmful action both u]>on the skin and upon animal 
and vegetalde fibres. 71 ie more active jiroperties of the alkali 
are Iran.sferred to the soaj) made with it, hence a potash or a mixed 
soda and ])otash-soa]) is more soluble than a soda-soaj) and, as a 
result, is more active as a detersive agent and less soaj) is therefore 
reciuired; it is of tougher texture and owing to the allinity of ])otash- 
salts for moisture, it is characterized by the .soft consistency. In 
shaving-soa]) jiota.sh is a nece.ssary and es.sential ingredient. Potash, 
being of higher molecular weight (5O), will show a greater yield in 
soft soap than caustic soda, whose molecular weight is 40. The 
definition of soft soa]) has been—one made with jiotash. 'Phis 
definition is not strictly accurate. A .soft soa]) in modern ])racticc 
is determined by the degree of hydration and not alone hy the char¬ 
acter of the alkali used. Jt is possible to jirepare a soap of a fair 
degree of firmness with potash. 
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In the cold process especially, a proportion of potash causes 
a marked improvement in the jjroduct. It renders the soap milder, 
more translucent at the edges and in-every respect a better article in 
use and appearance. 

Saponification with Soda-ash. —Soda-ash is a salt, i.e., a com¬ 
pound of antacid, viz., ca^bonic. acid, and a-base, viz., caustic soda, 
and w'hile jiosscssing alkaline ])r()i>erties its chemical activity is too 
low to admit of combination witli neutral glycerides. Jt combines 
with fatty acids and rosin, which is, an acid body, with the liberation 
of carbonic acid gas, and is used to some e.Ktent for the saturation 
’ 01 tl.ese bodies. Its use for this jjurpose in connection with red 
oil and rosin is described at length on subsequent pages. 



. CHAPTER VI/ 
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MECHANICAL EQUIPMENT OF Tllf: SOAP FACTORY. 

General Construction and Location of Factory. Kecei])t and Hand- 
lin.1,^ of Raw Materials. Caustic Meltini^- and Storaj^e-tan^s 
Grindini^ Cfiustie Soda. The Soap-kettle. 'I'he Rotary Pump. 
The Strainer. Filler Mixer. The Crutcher. Use of Cruteher. 
The Frame. The Slabber, 'rhe Cuttini^-table. The Remelter. 
Drvinjf c)f Soaj). The I)ryin.e[-room. Installation of Disc-fan. 
The Foot-press. Prcssini^ Soap. *Soa]) Dies. The Power-])ress. 
St)ai) ’\Vrap])in". The Soap-box. Summary of Factory Fkjuip- 
ment. 


General Construction and Location of Factory.—The course of 
manufacture of any commodity .should pursue a straight line with the 
lea.st labor involved in its transportation; when elevated, its descent 
should be facilitated by gravity and with course of manufacture along 
vertical or horizontal lines, or a combination of both, its course 
should not be retraced but should i)ursue a definite, progressive 
movement as its manipulation a])])roaches comjiletion and it is shijiped 
from the factory. With high land-value, requiring the erection 
of tall buildings, this course, as a rule, is ujiward with the raw mate¬ 
rial and downward as the jirodud approaches comjiletion. With 
converse conditions the course of manufacture is in general more along 
horizontal lines. As the industry has developed, Imilding construc¬ 
tion has greatly improved until, under the most improved con¬ 
ditions, the factory structure is fire-proof, with cement floors, capaci¬ 
ous elevators, machinery electrically operated from a central power 
plant, which jirovidcs as well ample steam supjily for soap-boiling, 
wastc-lyc evaporation and glycerin distillation. As in all lines of 
indu.stry, various degrees of manufacturing efficiency naturally pre¬ 
vail. Location is an important consideration; wherever practi- 
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I'lc;. 3().—t'onvcnlioii.il \ii*\v of Soap Matuifaitorv Showing Esbcnlial E(jui]jnient 
anti (\iursi‘ (Lt-ft to Kight) of Procedure. 


is almost indispensable for the storage of rough material. In Fig. 
39 is shown in its simplest form the meclianieal cqui])ment essential 
to soap manufacture, the course of manufacture being from left to 
right. 

Receipt and Handling of Raw Material. —Glyceride stock, in its 
various grades, is .rcceivctl at the factory in two styles of containers, 
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viz., barrels and lanlc-cars. Wherever the v(.)lumc of business and 
location of the factory will warrant, the receipt of the tallow in 
tank-cars rej)rescnts the maximum in cleanliness and convenience 
that at present seems to be possible. Tank-cars will hold, as a 



Fio. —Stock-sli'iimcr. 

rule, about .^0,000 ])oun(ls of stock, etiuivalent to over too barrels, 
which surpasses the cajtacily of a box-car. When one considers 
that with suitable ])i])in}j;, ])um])s, scale, and storage-tanks, a tank- 
car can be emittied in about an hour, the suiteriority of this method 
of receiving tallow over that involving the use of steam in emjttying 
barrels, retpiires no further comment. 

Rosin is received in rough barrels which may be broken uj) at 
once and the rosin used, or stored in the yard until recjuired. Sili¬ 
cate of soda is n-ccived in either iron drums or barrels and in the 
latter case should be ])rotected from the weather. It may be used 
either directly from the barn! or, when used in large amount, it is 
more convenient to transfer it to a tank from which it may ilow by 
gravity. It may also be recei\'ed by tank-car. ("austic soda is 
received in thin sheet iron drums and mav be stored in the vard. 
It may also be received in concentrat(‘d solution in tank-cars. Soda- 
ash is received in bags of 250-300 })ounds. (ilyc eride stock, received 
in barrels, is emj)tied from the container by the injection of free steam 
■ into the barrel, which is placed in a shallow sheet-iron trough from 
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which the slock may How by {ijravily either directly into the kettle 
or storage-tank. The princi])le of the stock-steamer is shown in 
Fig. 40. 

I'he stock-steamer .should be in a closed compartment to pre¬ 
vent the egress of odor and va])or, and may be of any size, accord¬ 
ing to the rabidity with wjiicli it is desired Ip emj)ty a given amount 
of stock. 

Caustic Melting- an^ Storage-tanks. Tanks for caustic lye 
may be of circular or rectangular cros.s-.seclion, should be well 
riveted and caulked, and of a ca]>acity determined by the amount 
of stock killed in a given lime. Tlie tank should be located so that 
the contents may tlow by gravity to the kettle, by the most con- • 
venient arrangement one lank sulTices for both melting the caustic 
and .storing the caii.stic lye. A ])ipe .should be ])rovided for the 
introduction of water and an outlet at least 3 inches from the bottom 
for the discharge of the strong lye. A water-pipe should be con- 
nect('d with the strong lye pi])e by means of a 'I' and the How of 
both li(|ui(ls regulated l)y means of conveniently lf)cated valves, 
whereby the .strong caustic lye may Ik* diluted in the j)ij)e leading 
to the kettle to any desired density. The caustic-lye tank .should 
contain a grating, either su])])orted from the bottom or susi)ended 
from till' sides of the lank and j)referably inclined towards one end, 
whereby the cylinders of .solid caustic with the sheet-iron covering 
r(‘moved may be introdiicetl at one end and roll to the o])posite. 
With th(‘ desired number of drums added in this manner, Avater is 
added and solution of the caustic suspended in the upper ])ortion 
of the water begins. A circulation of light and heavy li(juor is 
immediately induced, Avith the result that a solution of any desired 
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density is soon produced according to the number of drums of 
caustic added. So long as solid caustic remains water may be added 
to replace the heavy liquor withdrawn. 

Grinding Caustic Soda. —As the preparation of ground caustic 
soda is an industry associated with soaj) manufacture an improved 
device to elTect the reduction gf the hard commercial,caustic scxla 



Fig. 41.—Caustic-soda Grinder. 

to a size suitable for packing in cans is shown in Fig. 41. In its 
mechanical construction the device is of the nature of a soap-chipping 
machine, and for its purpose is superior to other methods of pul¬ 
verizing caustic soda. The knives of the grinder are detachable 
and have serrated edges and are made of material especially adapted 
to the severe usage to which they arc subjected. The caustic soda in 
drums may be broken uj) into fragments of suitable size, either in the 
closed compartment where the grinder is located or on the floor above, 
from whence the grinder may be charged by gravity. The pulver¬ 
ized caustic soda may be collected in a suitable receptacle on the 
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TABLE XVIIT—SPECIFIC GRAVITIES OF SOLUTIONS OF CAUSTIC 

SODA. (Hurst.) 
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floor below the one on which the grinder is situated, or it may be 
removed from the grinder through a door provided for that purpose 
and conveyed to the packing-bench. 



Fig. 42.—Dished Tai)erinp Keltic with Open- and Closed-StcamroiU. 

The Soap-kettle. — I’lic contrast lietween the jjrimitive lire- 
heated cast-iron boiler supported and enclosed by niasonrv and 
the present riveted, sheet steel and steam heated kettle, is typical 
of the advance in the art of soap-manufacture that has taken jilace 
during the jiast forty years. The modern soaji-kettle is of circular, 
square, or rectangular cross-section and of varying capacity according 
to the extent of manufacturing ojicrations. Cylindrical kettles 
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may be of either dished or flat bottom. Kettles of square or rect¬ 
angular cross-section may be either of flat bottom or with bottom 
inclined to one side. Cylindrical kettles vaiy^ in diameter from 5 
to 25 feet and in dci)th from 8 to 35 feet with capacity ranging from 
10 to 300 frames. Kettles of both shapes are made of two or more 
courses of s’teel plates, diminishing in thickness from inch on the 
bottom and A inch on the lower course to J inch on the upper course. 
Dished kettles discharge through the bottorft and side; flat-bottomed 
kettles discharge as a rule througk the side alone; for which purpose 



with dished cylindrical kettles a plate or ring with usually a 3-inch 
opening is riveted to the cone of the dish and with dished square 
kettles a 3-inch flange is riveted close to the lowest edge on either 
side or bottom, for the discharge of waste lye or the transfer of the 
contents of one kettle to another. For the discharge of good soap 
to the crutcher a 3-.’nch flange is riveted to the side of both cylindrical 
and square kettles for the attachment of a 3-inch cock on the outside 
and a swing-joint pipe of larger diameter on the inside. These two 
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openings comprise all that are necessary to a soap-kettle and both 
as a rule are 3 inches and sometimes 4 inches in diameter, according 
to the size of the kettle. 

* 

Unlike cylindrical kettles, square kettles tend to bulge from the 
weight of the contents and’retiuire to be securely stayed or braced. 
The content? of cylindrical kettles boil and cool more uniformly than 
do those of square kettles, unless steam piping for the latter extends 
into the corners which, :is a rule, are rounded on a curve of 6 to 12 
inches radius. Cylindrical kettles are to be desired in preference 
to square kettles in every case save that of economy in floor space. 
Unless well protected from rapid radiation of heat, kettles should be 



I'lR. 44.—Kt'Ulc-plant. 


jacketed either with wood, an air-space separating wood and kcttle> 
or with asbestos covering. Excessive heat in floors through which 
the kettles extend also requires that they be covered. The bracing 
and support of flat-bottomed kettles are cheaper and simpler than 
with dished kettles, which advantage extends also to their pipe attach¬ 
ments, but the former are not so readily cleaned, which, as a rule, 
is necessary three or four times a year, according to conditions and 
procedure. The circumference of cylindrical kettles at the top should 
be reinforced with a band of iron riveted on; with square kettles 
























• i 62 


AMERICAS SOAPS, CANDLES, AND GLYCERIN. 


angle iron should be used for the same j)urpose. With dished 
kettles no waste-lye discharge-])ipe on the inside is necessary; with 
flat-bottomed kettles such a ])ipe is necessary and should extend 
to the middle, where the end should look down and almost touch 
the bottom; an elbow on the end may be used. The lop of the kettle 
.diould extend at least four feel abi)ve the level of the kettle-room door. 
Kettles should be located to admit of amjde passagetvay between 
them and in no case so near together that the contents of one kettle 
may boil over into the other. * 

With the discharge of good so»p by gravity to the crutcher, which 
is the most satisfactory arrangement Avherevi-r practicable, kettle 
connections are made solely through the lye ])ii)e which is usually 
not less than 3 inches in diameter. 

The lye discharge-])ipe from each kettle connects with a main 
of the same diameter, a 3-in(h cock being located between the kettle 
and the .main, through which, by opening of closing the desired 
cocks, material in one kettle may be transferred to another by gravity, 
ihe res])ective levels ])ermitting, or to a storage tank at lower level 
in ca.se of waste lye. Where material is pum])ed from one kettle 
to another the jaimj) withdraws it from the bottom of one kettle, 
elevates it and discharges it through a ])i])e of the same diameter 
into the desired kettle, or storage-lank. The l)i])ing system comprises 
a main to whit h each kt'ttle is connected by means of a ])ii)e carrying 
a cock which we have called the waste-lye discharge-pii)e, in contra¬ 
distinction to tht“ .soap discharge-])i])e, although it may be used 
for the transfer f)f whatever material may be in the kettle, ])rovided 
it be of suitable consistency to piimj). The main is connected 
with a rotary pum]) which reci'ives material from the main, elevates 
it and discharges it into another main sus])cnded over the toj)s of the 
kettles in the kettle-room, which, in turn, by means of suitably 
placed cocks, attached by lees and short ni])i)les, discharges it into 
any desired kettle. 'I'his arrangement constitutes the simplest, 
chea])est, and most convenient system of kettle connections. Betw'een 
the main and rotary pumj) a cock is jdaced, w'hich it is necessary 
to close in transferring material by gravity from one kettle to another 
or to a storage-lank. In jmmjnng material from one kettle to 
another, it is necessary to open the cock connecting the kettle, from 
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which it is desired to pump, with the main; also the cock connecting 
the main with the ])ump, and as well the cock in the main over the 
kettle into which it is desired to pump. After such a transfer of 



material it is necessary to blow out witli steam any material remain¬ 
ing in the ])ipe, otherwise on cooling it will solidify and clog the 
system. Free ends of the main are closed with plugs which may 
b'e removed for cleaning the l)ipe. Between the cocks and the 
kettles and at a suitable place on the main, \-inch holes are bored 
for the insertion of steam-i)i])es, whereby after using the main, or 
if for any reason while ])umj)ing the tlow of material is inter¬ 
rupted, steam may be blown both through the lye discharge-pipe 











































Fig. 46.—Kettle-plant. 
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back into the kettle and through the main in the opposite direction. 

Soap-kettles may be heated by means of cither open- or closed- 
steam coils, or by both. Closed-steam coils for the boiling of soap 
may be used, but by many are not considered essential. The sim])lest, 
cheapest, and, as a rule, a Satisfactory means of heating, is by the 
‘jolc use of an open-steam pipe, which is shown in its rudiments in Fig. 
47. This may take the form of a coil as shown in Figs. 42 and 51, 
but in its cheapest and*cqually satisfactory form for flat-botiomed 
kettles it is of the criss-cross type,,the 
main pipe being almost equal to the 
diameter of the kettle and connected 
■with arms extending at frecjuent inter¬ 
vals on both sides from the diameter 
to the circumference of the kettle. 

The construction t)f a dished kettle 
with use of both open and closed steam 
is shown in Fig. 43. It is suj)])orted 
by a heavy masonry pier P, and four 
cast-iron columns KR. The pipes 
A, B, C, D, E, and F deliver re- 
•spectively water, W'eak and strong lyes, 
and first, second, and third grades of 
stock. 

O is a cast-steel ba.se, and 
etc., is a 2-inch closed copper steam- 
coil; ilf is a 2-inch cojiper perforated .sii;un. 

: team-pipe; G is an iron swing-joint ])ipe, through which soap is 
pumped to the crutchers. It is attached at I by means of short nipples 
and two elbows, and its ujiper end can be moved through the arc 
GII so as always to draw from the surface. Waste lye is removed 
at the bottom represented conventionally by he cock Q. In Fig. 
48 are shown the ])lan and section of a kettle-house, with elevator, 
conveyer, and distributing cone for the handling of rosin. 

While the method of kettle construction and arrangement of 
kettles, as sho-wm in Figs. 43 and 48, are by no means general, they 
represent conditions prevailing in a large plant. In Fig. 49 is a 
view of a kettle-room where square kettles arc used. 
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Continuous lengths of coiled pipe for either open or closed steam 
are of high initial cost and expensive to repair if broken. They 
may be cheaply and efficiently substituted by built-up coils made of 
short lengths of pipe connected* by 45° elbows. Such a coil may 
be lengthened as desired, and if broken the damaged section can 
be cheaply and (juickly rejdaced by a nc^ length. This arrange¬ 
ment is shown in Fig. 50. There is much diversity of opinion as to 
the use of open- and closed-steam coils. \Vith the former, caustic 



Fig. 48.—^Ketlle-plant. 


lyes in general should be of slightly higher density to allow for 
dilution by condensed steam, otherwise there is no essential dif¬ 
ference in the manipulation of the kettle by the two methods. Many 
soap-makers recommend the use of wooden covers to kettles to 
prevent too rapid cooling during settling. Where overhead ven¬ 
tilation is not jiracticable galvanized iron hoods may be suspended 
over the kettles for the removal of heat and vajior. Both soap- and 
waste-lye jiijies are ordinarily 3 inches in diameter. It is better 
to have kettle connections too large than too small, and in every 
case ample facilities for cleaning should be jirovided. Asbestos- 
packed cocks are most economical and should have a flange-union 
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on each side, so that it may be removed without difficulty should 
occasion require. Water-pipes may be of galvanized iron, but all 



Fig. 4Q.'—Viiiw of Kc‘ttli--room —Sfiuare Kettles. 


others should be of standard black pipe. Steam blow-out pipes 
for cleaning the piping system are usually of I inch diameter. The 



Fig. 50 —Built-up Clo.sed-steam Coil. 

flange connection to the kettle, bearing on the inside the swing-joint 
pipe and on the outside a short nipple and 3-inch cock for the soap- 
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discharge, should be at a sufficient distance from the bottom to permit 
of the discharge of the entire amount of good soap by gravity, and 
not require dip]jing as the nigre^ is approached. It should also be 
provided with a steam blow-out i)ipe. For a flat-bottomed kettle 
i6 feet deep, the soaj) discharge-] )ii)e should be at least 3 feel from 
the bottom* of the kettle. The kettle-ro«m should bj* well venti¬ 
lated ai)d wtII lighted, and ])referably located on the to]) floor. 

A cylindrical kettle 14 feet in diameter^ 26 feet deep and dished 



Fig. 51.—C'losofl-and Open-stcam Coils. 

2 feet will yield 175 to 200 frames of good soap. A flat-bottomed 
cylindrical kettle 12 feet diameter, 16.5 feet dee]), will yield about 
50 frames of good soaj), and with ordinary working for a daily 
output of 500 cases at least seven wall be required. 

The Rotary Pump.—A rotary i)ump is a device consisting of 
one or more projections acting as j)lungcrs, fixed to an axle, and 
revolving in a cylindrical case, for lifting or forcing fluids. 

Rotary pumjis in general have a certain field, out.sitlc of which 
they are not desirable, but w'hhin its limits they have most decided 
advantages. A rotary pumj) is hardly suitable as a fire-pump, as 
the pressure in the discharge-pipe can hardly be raised to and 
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maintained at 60 pounds; but rotary pumps have the one great 
advantage that with relatively little steam or power they will pump 
a large amount of liejuid against a limited pressure. They find a 
field of general usefulness in the soap industry for transferring 
fluid raw materials and iirod.iuis. Several tvjies are shown in the 
accompanyinjj; figures. 'I'liey consist essentially of a heavy cast 
iron base supporting both pumj) and pulleys. The Hersey })ump 
shown in Fig. 54, can b^ operated in cither direction. In Fig. 55 



Fig. 52.—Closcd-stcam (’oil. 


is also shown the construction of the o])erating blade and cone, 
which form the only working jiart of the pump. When run in 
the direction indicated by the arrow, suction takes jilace at the 
orifice A and discliarge at the opposite side, and vice versa when 
the pump is run in. the other direction. 

Referring to the internal view shown in Fig. 55, a very good 
idea of the manner of its operation may be had. When turned 
in the direction of the arrow the blade B sweeps around, drawing 
the material in at A and forcing it out at C, the pump being emptied 
twice during each revolution. I'he blade B swings on a pivot, and 
the cone-shaped casting D maintains a division between the two 
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sides by contact with the cover, whicli is bolted to the main 
casting. 

In Fig. 56 arc .shown the working parts of the Taber rotary 
pump, in which A is the shell or case of the jmmp; BB tire the 
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wear is chiefly on the ends of the valves DD and, when necessary, 
they may be rearlily re])larc‘d. The Taber rotary jmini) is also shown 
in Figs. 57 and 62. 



yir,. 5(). —T;i 1 ht Rotary Rumi), shnwinff WorUinp Pans. 

In the T.obee rotary puinj) shown in h'igs. 58, 5(), and 6 t, the 
four valves, 50, the vital part of the ])iim]3, are formed in two 



Rig. 57. —TliIkt Rotary Puni|) 

pairs, one pair having two jiarallel arms ])rovided with longitudinal 
ribs or tongues, and the other ])air having two jnirallel arms jtro- 
vided with longitudinal dejjressions or grooves, forming slide-ways 
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in which the ribs or tongues upon the arms of the other valve seat 
and travel. 

liy this arrangement they are always kej)t in ])()sition to work, 
are self-adjusting, reejuiring no springs or earns to operate them 



Flc, 58.— IxiIk'c Rolan Pumj) 


whatever, they being jiositive in thi'ir action, and are like two solid 
valves, which prevents lateral motion, back lashing, and from getting 
wedged in the slide-ways of the ]>iston. 

These two pairs or four \'alves are interchangeable, and the wear 
can be easily taken uj) by means of set-screws in the arms, which 
are the same thickness as the valves. 

I'he j)iston which carries the four valvt's and througli which 
they slide back and forth during their o[)eration is made wide at both 
ends, which jirevents it fn)m breaking. The shaft of the jiiston is 
made of steel. 

This extra Avidth of jiiston i-i taken uj) by two half-moon pieces, 
which conform to the inside of the shell, and are bolted on to each 
one of the two heads of the shell. I'his prevents the valves from 
wearing against the heads of the shell. The wear on the half-moon 
pieces can be easily taken u]) by removing them from the heads 
of the shell and jdacing a strij) of j)aper or other suitable })acking be¬ 
tween them and the heads of the shell. 




174 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. 


The shell has a removable plate or hand-hole, Fig. 58, whereby 
ready access to all the working parts of the pumj) is possible without 
dismounting the })ump or withdrawing the piston from the shell. 
All rotary ])umj)s should not be located over ten feet above the sur- 



Fio. 5().—^Working Parts of Lobcc Rotary Pump. 

face of the lifjuid to be pum}ted, and should be ])laced i)referably 
below the level in order that gravity may assist in the flow of the 
material to the pump, also that a steam-pipe be connected to the 
discharge side of the pumj) so that steam can be applied to blow out 
and clean the interior. 

Liquids may also be transferred by means of the ('jector. Fig. 60. 
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This device is useful for transferring; slock or waste lye from one 
tank to another above levels where gravity does not avail. 

All sizes will lift liquids 25 feet and elevate them about 15 feet 
above the ejector with a steam pressure of 60 j)ounds. 

If it is desired to elevate li(iuids a greater distance than 40 feet, 
the ejector chould be })laced near the liqukj so that it can be forced 
by the ejector. In this manner li(|uids can be lifted ^^bout 50 
feet with 75 pounds i)#essure, and about 70 feet with 100 pounds 
pressure. • 

The Strainer.—The ease with which insoluble foreign matter 
finds lodgment in the kettles and pii)e system re([uires that some 



Fio. 60.—Kji-ctor. 

method to prevent its introduction and to secure its removal should be 
adopted. Stock as steamed frf)m l)arrels should be strained; when 
pumped from the storage-tanks a swing-joint i)ipe should be used, 
or the outlet should be several inches above the bottom of the tank. 
Soaj) and waste lye should be strained before ])assing through the 
pump. 

Soaj)-makers experience much trouble by forc'ign substances, 
such as nails, bungs, etc., being drawn into the ])umps through the 
suction inlet, thereby clogging or injuring the i)umi)s and causing 
annoyance and delay in the crutching and framing rooms. 

Devices for interce])ting material of this sf)rt are shown in Figs. 
61 and 62. With the strainer shown in Fig. 6 t, soaj) can be strained 
to any fineness desired by merely adjusting the rings. Where soap 
discharged from the kettle to crutchers by gravity through a trough, 
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ncllinj^ sud'iccs; but wlicTi* j)um])(‘(l the soap should pass, where 
handled in lar^e anK)unl, through a specially built sieve. One 
ft^ni consists essenlially of cylindrical ])erforated iron vessel sus- 
pendc-d wilhin a cast- or sheet-iron tank, about the si/.e of a half¬ 
barrel, with light but detachable cover. 'J’he soap-pipe connects 
with the enclosed sieve and the soa]) is withdrawn from-the bottom 
of the o’.iler vessel after having j)assed through the sieve. Steam 
blow out connections are attached. ‘ 

Filler-mixer. -Where licpiid, simi licjuid or solid substances arc 
used in combination or se])aralely in crutching soap, a device for 



Fie.. 6i.—Soap-jnim]) with Slniincr hc-d. 

their jierfect mixing previous to their addition to the crutcher to be 
incorjioralef] with the soaj) is shown in h'ig. Where crutching 
is an uninlerruiited jiart of the facttiry ])rocedure, devices for the 
exiieditious, and so far as possible, continuous handling of filling 
material are to be desired. They should be labor-saving and the 
flow of materials should be aided by gravity. ''J’o expedite the 
crutching jirocess and to secure thorough admi.xture of filling mate¬ 
rial, esiiecially when of different s])ecinc gravity and consistency, 
a filler-mixer conveniently .situated to secure the ends mentioned 
is recommended. 

The Crutcher. — Mechanical soap-crulchers are an evolution 
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of Ihc simple hand erulch shown in Fig. 6-^, l)y laboriously working 
which up and down in the mass of soaj) contained in a frame, cooling 
of the soaj) was hastened, whereby either separation of the nigre 
was prevented, or I'llling material incorporated. The modern 
power-driven crutcher consists essentially of a cylindrical tank, 
as a rule of jdjout 1200 1500 ])ounds capacity, made of sheet-steel or 
boiler-iron, either jdain or jacket(‘d, and supporting the driving gear 



Fk;. 62.—S():i|)-iium]) wiili Slniim r \tt;i(hc(l. 

of the agitator, wdiich may be eitlier \ertical or horizontal, and which 
consists of either Idades or arms attached s])irally to tlie horizontal 
or vertieal shaft, ‘or a screw enclosed witliin an inner, vertical, con¬ 
centric cylinder, whereby material added to the soap and the soap 
are reduced to a homogeneous consistency. In the crutcher shown 
in hig. ()5, instead of carrying its contents this machine simplv 
crutches, keej)ing the soaj) in a body. The wings are constructed 
in a spiral form and work as a double-acting .screw, raising and mix¬ 
ing the heaviest material from bottom to top. 
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In the type of cnitcher shown in Figs. 67, 68, 6q, and 70, mixing 
is cfTectcd by the movement of the mass of soaj) by means of a screw 
attached to the vertical shaft and moving in an inner concentric 
cylinder. In cnitching, tlie movement of the soaj) is upward in the 
cylinder and down l)elween the cylinder and the sides of the cnitcher. 
In discharging the contents the motion is re\ ersed. ^ 



Fig. 63 - Filler-mixer. 


By jacketing the inner cylinder, Fig. 69, or the sides of the 
crulcher, or both, and introducing steam, the machine can serve as a 
remelter. 

In the ty])e of cnitcher .shown in Fig. 66, the .shaft carrying 
the blades is horizontal and the .soaj) is discharged at the end at the 
bottom. By the sjiiral insertion of the blades the movement of 
the soap is directed toward the end f)f the crutcher. As with all 
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crutchcrs, two styles are commonly made: one of which has a steam 
jacket, the other without a jacket. In the latter the soap is taken 
directly from the kettle and thoroughly mixed or crutched in the 


d 


I'fc.. 64.- Hand Soajxrulch. 

State in which it is received. In flie jacketed machine the soap can 
be kept at any 1em])erature desired during the operation of crutch- 
ing. Hard and dry soap can be crutched without difiiculty by 
letting steam into tlie jacket and warming it up, and by substituting 
cold water for steam the soa]) can be cooled. 

'I'lie jacketed machine, Fig. (;0, is constructed with divisions or 
vanes at intervals, sO 'that a ])erfect circulation is ])rovided, leaving 
no j)laces for warm water to remain without circulation. It is ])ro- 
vided with steam and water inlet-pij)es, escape-pipe for stc-am, and 
a valve for letting water out of the jacket. A s])oui is arranged at 
the bottom of the machine so that the soa]) can be run directly 
into frames i)laced underneath. 

d'he i)addle shaft should run aI)ou1 _j5 to 50 revolutions per min¬ 
ute, aiid should turn in the direction to work the soa]) toward the 
outlet end. 

The soaj) should cover the paddles about two inches before start¬ 
ing the machine. 

'I'hc ])addles should not be running when llie crutcher is being 
cmi)lied into frames unless the joa]) is running very slowly, otherwise 
the soa]) will be forced out too rapidly. 

'J'he machine is cleaned by adding four or live pails of strong 
brine and running it four or live minutes. 

In the jacketed machine the esca])e steam-jiipe should have no 
valve, but should lie left free. 

Water should always be let out of machine when not in use 
to ])revent freezing and bursting the jacket. 

Steam should not be let into the jacket until it is free of water, 
or it is liable to strain the jacket. 
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With the Crutchers shown, Figs. 67 and 68, driven respec¬ 
tively by Ijelt and by direct-connected engine, mixing is effected 
by means of a vertical screw enclosed in a jacketed cylinder, 
sides and bolt()ni of tlie crutcher also being jacketed or })lain, as 
des.'red. With the belt-driven crutcher reverse motion is obtained 
by use of an ex1ra i)air of pulleys carrying a crossed bejt; with the 
crutcher driven bv belt-connected engine reverse motion is effected 
by means of a clutch. Reversing is necessary at times with thick, 



heavy soap, and also to ])revent s])]ashing with a ra])id movement 
of the conveyer when co d-])rocess soap is made. 


In the remelting crutcher, shown 
and inner shell are cast in one piece 


in J''ig. 69, the steam-jacket 
and has a large outlet in the 


centre of the bottom for the discharge of the contents. A steam- 


heated radiator, composed of a .series of cylindrically arranged 
pil)cs having open s]nices between them, is jdaced in the centre. 
Through this radiator steam passes directly to the jacketed part 
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of the kettle, which can be cut off fn)m the steam supply so that the 
inner cylinder only has steam. A conveyer-screw is ])laced in the 
centre of this radiator, which surrounds the screw. As soon as a 
portion of the soap is melted, the screw is set in motion, thereby 
liftinj^ the soap up and dumjang it over the to]> of the casing sur¬ 
rounding the screw, the centrifugal force foi'ces it out of,' or through 
the open spaces left between the pii)es. The large scraps tire car¬ 
ried up and are wedged in between the open jiorts at the upper 
end of the radiator. The constaitt motion of the screw shears the 


Jat kcl Virw. Working Part. 



Fig. 66 .—Strun/ (Vutchcr. 


pieces off, and thus, in com]);iratively short time, the largest scrajis 
are conijiletely cut U]), and the soaj) melted and crutched ready for 
framing. Owing to the oiien sjiaces left between the pipes com¬ 
posing the radiator, there is no sjila.shing of the soaj), however fast 
the conveyer-screw is worked. INIoist steam may be passed at will 
through the soa]) scrajis, etc., to moisten them, if necessary. If de¬ 
sired, cold Water may be passed into the jacket and radiator to facili- 
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talc the cooling of the soa}). The convcycr-scrcw may be worked 
with a belt or driven by direct connected engine. The conveyer- 
screw may be worked forward or backward by merely shifting the 
crutch that drives the bevel gearing. 

Li Fig. 70 arc sliown two crutcliers of tlie inner cylinder-screw 



Fig. 67.—Soap-crulrhcr, Bolt-driveu. 


type, connected with a J4-hor.se-power engine, all .supj)orted on 
one iron frame. The two crutchers are driven in tlie centre with one 
large pulley, 24 inches diameter Ijy 6 inches face. Each crutcher 
has a dutch on the back of the pinion-hub, so that either machine 
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can be thrown in or out of gear as desired. The horizontal 
shaft runs clear across the two mixers and takes in all the 
bearings on the two yokes. Attached to the top of the inner 



Fro. 68.—^Soop-ci'Ulclicr, Driven by Diivct-ronnortnl Engine. 


cylinder is a strainer to be used when scrap is remeltcd. The 
strainer is designed to retain the seraj) within the jacketed 
inner cylinder and to allow the liquid soaj) to i)ass through, 
thus causing' the scrap to melt more readily. The strainer 
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is made in two parts and may be attached and removed with 
case. In discharging the contents of the crutcher, crutching is 
stopped and the mixed soap 
is allowed to fall by gravity 
until the machine is ])artly 
; tl'\j‘n reverse mo¬ 
tion, is aj)plied wherel)y the 
movement of the scre\v»(li- 
rccts lh(' remaining soap 
downward and out. 

Use of Crutcher. — 

Crutchers are used in soap- 
manufacture for incorporat¬ 
ing alkaline salts with st)ap, 
for mixing soaj) and soda- 
ash for so:i])-])owder, for 
mixing silex with soa]) for scouring-soa]), for making all classes of 
Cf)ld-i)rocess soaj), and to a limited extent in a small way, for semi- 
boiled soaj), and for incorjumiting air with soa]) for floating soap. 
For eai'h variety of use, not only is dilTen-nt mani])ulalion re(juired, 
but for a ])articular ])ur]H)se one ty])e of crutcher is belter ada])led 
than another. To avoid incorj)orati()n of air in soa]) the crutcher 
should be Idled above the level of the agitator; to effect incor])o 
ration r)f air the motion of the crutcher should be reversed and the 
crutcher shouUl not bt' tilled so full, otherwise room for e.\])ansion on 
the incor]H)ralion of air will not adecjualily be ])rovided. With soa])- 
])owder and sand-soa]) the same conditions with respect to air ])revail; 
moreover the agitator should be ])owerful, as the material is heavy 
and lends to thicken. Cooling or healing to any desired tcm])era- 
ture is effected as already described. Water of condensation should 
in steam-jacketed"Crutchers be j)n)mj)tly removed, otherwise scams 
will be weakened and leaks started. 

The Frame.—A soap-frame consists essentially of a platform, 
commonly called a frame bottom. Fig. 71, uj)on which rests the mass 
of soap, and four upright movable sides, which sides, besides being 
fastened tightly together, must also be held or fastened tightly 
to the platform, each one of the said sides being situated reclangu- 
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larly to its contiguous fellovv-sidc and tlie Vi^holc apparatus being 
on wheels for convenience in moving. 

The earliest frame was a box, tub, or vessel of any convenient 
shape. Later, W(K)dcn frames came into use closely ajjproximating 
the dimensions of the present frame, and built up in sections 
tightly clarupcd from lop to bottom; later cast-iron sides were used. 
The modern frame is of wood ends commonly, with sheet-steel 
sides reinforced bv angh'-iron f)r V-shaptid strong-backs, with an 
:iverage capacity of r200-i300 jxmnds of filled soaj). The inside di¬ 
mensions of a frame of ihis cajiacity an*: depth, 40 inches; length, 
54 inches; width, 14.5 inches. The essential reipiiremeiits of a soap- 
frame are, strength, lightness, freedom from leakage, ease and 
ra])idity of stripjiing and setting-iij) and durability. The various 
styles made and used dilTer in construction and ajijiliances designed 
to fulfill these re(juircments. They are made in sizes to suit the 



71.---SiKip-framu lioUom. 


needs of each manufacturer. 'I'lie most imjiortant dimension in a 
soa])-frame is the width, for Ujion this dejieiids largely the jiercentage 
of sera]) at the cutting-table. J''rame dimensions should be such that 
on slabbing and cutting, the maximum number of cakes of desiri'd 
size may be obtained with a minimum iiercentage of scrap to be 
returned to the remelter or soa]>-kettle. The width of frames may 
be varied to ada])t this dimension to the re(]uirements of the dimen¬ 
sions of the cut-bar liy inserting two or more groo\es in one sifle of 
the frame lx)tlom. With the frame side inserted in om* groow, a 
slab cut lengthwise will yield a cake of certain dimensions with a 
minimum amount of scrap; with the frame side inserted in another 
groove, another cake of diJTerent dimensions with a minimum amount 
of scrap is procluced. hVame ends and bottoms arc* ()f wood and 
as a rule about twice as many bottoms as jiairs of sides are re- 
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quircd. For a daily output of 200 cases 60 com¬ 
plete frames arc re([uired, although this relation 
is subject to variation. After stri])ping, the soap 
remains on the hot om until cut; with an extra 
bottom, the sides and ends mav be in use again 
before the original bottom is available. 

Referring to the soap-frames shown in Fig. 74, 
A represents a frame m^de up of iron sitk's and 
ends. The sides have four angles ^icross, wilh a 
vertical angle on each end. The ends, which 
arc a solid welded frame, covered with heavy 
sheet-iron, rest against the sides. 'Fhe sides and 
ends are held together by the clam])ing bolls 
shown. One end of these ])asses through one 
side and is bent over, jso that when the end with 
the lly-nut, which (Iroj)s into a slot on the other 
side, is loosent'd to take down die frame, the bolt 
dro])S down out of the way but does not become 
detached. Sides and ends are held to the bottom 
by a clamjiing-liolt and wing nut .shown be¬ 
tween the wheels, and make a tight joint with the 
bottom by means of a hardwood cajijiing })iece 
fastened to tlie bottom jiropcT, which projects 
up lietween and is surrounded by lioth ends and 
sides. 

Thee nds of the frame marked B are of wood 
and are held to thc‘ bottom of the frame by 
means of a liinge which operates in an eye bolt 
fastened to the bottom. The sides are clamiied 
to the ends, around which they lit clos(‘ly, by 
means of levers. 'Jk) take the frame ajiart the 
lever handles are ])ulled down, the wing-nuts 
looseiK'd and the sides removed, and Imally the 
ends. 

The frame marked C is similar in construc¬ 
tion to d, but with a dilTerent clamjiing arrange¬ 
ment at the ends. Two ta])ered lugs are riveted 



Fir,. 72.—Mt'lliocls 
ol Frame-locking.. 
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to the sides, and the dam[)ini^ ])!eas which are forged to fit these 
are driven down, dniwing the two sides together. 

The frame marked D is similar in construction to but the 
bottom is somewhat dilTerent. A liardwood stri]). A, is hinged 
to the bottom and holds the sides tightly against the top-board, 



Fu;. 73.- S();i])-fraiiic. 


B, as shown. A similar ])iece, C\ tojjjH-d with an angle-iron, /), 
holds the ends likewise, at the same time holding down the side- 
binder, .. 1 . \ latch, holds the ])iece D in ])lace. It is therefore 

only necessary to jmsh back the latch /% which will allow the .side and 
end binder-])ieces, A and to be thrown back. The frame is 
then taken a])art by pulling down the clam])lng levers i*', as 
shown 

In the various ty])es of frames illustrated there is shown great 


variety in methods of fastening. 


In fastening the sides and ends 
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of the frame shown in fMg, 76, a novel adjustable clamp is used which 
is shown separately in Fig. 75. This clamp once adjusted to clamp 
the ends tight, need not be disturbed for a long lime. 

A B 




C 


D 




Fig. 74.—Soap-frames. 

The eccentrics lock themselves, and cannot open through care¬ 
less handling. The opening of the clamp permits it to swing free 
from the sides, allowing ready removal of the different parts. 
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Under coiicJilions commonly prevailing the filled soap-frame 
is a cumbersome body to move. A device to facilitate its trans¬ 
port is shown as actually used in iMg. 76, and in its elements in 
Fig. 77. These plates may be applied to any soap-frame, and in 
conjunction with the jiivot-truck makes a most desirable improve¬ 
ment in the usually cumbersome and laborious method of handling 
frames. 

Tlie method of fastening and the device far moving the frame shown 
in Figs. 75, 76, and 77 are the subject of letters patent, the object of this 
invention being, first, to jirovidea means of fastening the movable up¬ 
right sides of the soa])-frame in a manner which will insure the utmost 
facility in jilacing them in their fastened jiosition ready to receive 
the mixed soaji and also to render the removal of the sides (so 
removed to be used ujion another bottom to receive a second supjily 
of soaj)) ])erff)rmable with ease and despatch; second, to jirovide 
a means of moving and guiding the soap-frame (with or without 
its load), which will be adjustable according to the weight of the 
: ])]Kiralus and the strength and height of the person; third, to 
]>rovide a firm supjiort for the separate distinct })ieces com])ris- 
ing the platform of the soaii-frame; fourth, to provide a means 


Fin. 7^.—Afljiislahlc Clamp for .‘>o:i[)-fr;imp. 

of holding the jilatform in rigid contiguity with the above- 
mentioned four ujiright sides. In stripping a frame .set up and 
fastened as described, the first stcji being to turn down each of 
the three clamps on both sides of the bottom; next to turn back and 
release the end-fastenings; thirdly, to detach the sides and to stand 
them in iiosition to use again, and la.stly, to detach the ends. The 
pivot truck is now brought into use to easily and quickly move the 
stripped frame of soa]). 

In the frame shown in Fig. 78 is disjdayed a marked departure 
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from the conventional style of frame construction. The bottom 
consists of a wood base about ifinches thick, to which is attached 



a single sheet of steel with a hooked flange turned up at the four 
edges. I'he sides arc made of sheet steel, strengthened as shown 







MECllAS'lCAL EQUIPMENT OF TTIK SOAP l<'Al'TOKy. 193 


boilings each filled frame should be markerl with a card bearing 
its number, quality, if necessary, and the dale of framing so that some 
record of it is possible. The frame room should be cool and well- 
ventilated, in many instances the cellar lieing used for this purjjose. 

The jieriod during which soa]) stands in frame is variable and 
is dc'terminecl by the character of the soap, dimensions of the frame. 



iem])eralure and season and the demand for the j)ro(li'ct. d'hree 
days is an averagi' ])eriod, although in warm weather, Ibe days 
may be re(|uiri-d for cooling. In stri])ping, tiie frames are unlocked, 
and the sides lirst remo\ed and lastly the ends. Often trouble 
is e.xjierienced with soaf) adhering to the sides which a wedge will 
not overcome. Water or brine may be poured into the initial 
crevice and allowed to work (h)wn. The wire is the last resort. 

The Slabber.—Mi'chanical slabbing di'vici's contain the germ 
of the i^rimitive .system wherein a wire is drawn, in parallel lines 
of uniform distance aj)art, through the frame of soap. This system 
is yet followed in many factories and exists in ^•arious stages of dcvel- 
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opmcnl throughout the industry. Where a large number of brands 
of various sizes are cut, and from the same grade of soap, a hand 
slabber, Fig. 8 t, re[)resents the greatest practicaljle economy. An 
advance in efficiency of operation is indicated by the use of slabbers 



f’lG. 7f;.—Soap-fnimc'. 


of the type sliown in Figs. 82 and 8.:;, llieir method of operation being 
evident from the illustrations. In the Ralston .slabber. Fig. H2, 
the cutting head is stationary, the soaj) being impelled throirgh it.' 
In the Champion slabber, Fig. 8,^, the cutting head is movable and 
is drawn through the .soaj>. 

In the belt-driven .slabber shown in Irig. 84, the cutting head 
is movable. This slabber is arranged with two open ends, a 
frame of soaj) is rolled in the front entrance and the gate or stop 
is closed up again.st the .soap; the clutch shifter is moved, which 
starts the sliding head, carrying the wires through the soaj) ’ When 
the wires have pa.ssed through, the clutch is automatically shifted 
out of gear; the operators now draw out the slabbed frame of soap 
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from the rear of the machine. When this is done the wire-head is re¬ 
versed and it goes back to its starting point again, ready for a new 
frame. 


It lakes al)out a minute to run a frame of soaj) into the machine, 
close the gate, run the wires 111 rough and n'lnove the frame. Con¬ 
sidering the .time it lakes to handle the soap about the floor, a fair 
output might be considered at 150 frames a day. 


This slabber is constructc'd entirely of iron, is rapid of o[)era- 


tion, and reijuirc's a minimum of lajjor. Where volume of business 


warrants, its use rejiresents the highest elTiciency of operation. 



Fu’.. 80.—Fnimi'-room, Frami-> FilU-<l liy 'I'niugh Sy-iti-m. 


A belt driven slabber of cheai)er construction than the type 
shown in J'^ig. 8.), but of eipially eriicient o])eration, is shown in 
Fig. 85. The mode of opi-ratioii i> identical. The use of wood 
])ermits a .selling-price within the reach of smaller factories. The 
frame as shown is sub-^tanlially braced and boiled. 

The Cutting-table. 'The jmrpose of the cutting-table is to 
resolve the slab, cut as a rule to a thicknes-. that corresponds to the 
width of the cake, into the maximum number of cakes with the least 
amount of .scrap, by means of two cutting movements at right angles 
to each other. They ma}- be operated I'ither by hand, as in the 
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in the diagram, Fig. 86. In it.s operation the two attendanls in turn 
change their relative position to lift the slal) onto the table; the 
first turns the handle that runs the soap through the first set of 
wires; then the second oj)erator runs the soap through the second 



I’ll'.. 8 ,^.—Cliani[iion Soaji-.slahlK'r. 


set of wires onto the racks by changing his ])o.sitinn to the end of 
the machine; the two men then lift off tlie filled racks and i)rocecd 
as before. 

In the power cutting-tables the oi)eration is continuous and 
automatic; the slab of soap is jfiaced on the first table, Figs. 90,91, 
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and 93, and ihc machine started. In passing through the first head, 
the sides of the slab an* trimmed and the remainder cut in longi¬ 
tudinal skills, which in turn on the second table are subjected to a 
mo\'ement at right angles, Avhereby they are forced through the 



Fig. S4.—WcUu'nll I’owcr-slahhci. 

second head and resolved into cakes of the desired dimensions. One 
or tA\o racks may be tilled. I’wo racks may be filled at once by both 
hand- and steam-driven tables by the use of “ lingers" on the .second 
driving-head, and by projections on the rack sujijiorl, whereby the 
movement of alternate strijis is inlerrujited .so that two racks are 
filled and .soaji on them uniformly sjiaced. d'iie speed of auto¬ 
matic tables is limited only hy the ability of the operators to 
supph .slabbi'd soa]) and to remove the same on rack.s. As 
rajiidly as filled the racks are transferred to suitable trucks; a 
truck having received its (piota of racks is ready to be drawn into 
the drying-room, where the individual Ixir is left to a.ssume a 
consisk-ncy best suited for pressing. Thv methods employed for 
handling soap at this stage vary greatly with ea(.h factory.' 

The cutting-table shown in Fig. 90 is .semi automatic in opera¬ 
tion. By moving a lever the pushing-block of the fir.st table forces 
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the slab placed thereon through the first cutting-head, and then re¬ 
turns to the starting-])oint, stopjiing automatically. The corresj)ond- 
ing movement is effected in like manner on the second table to which 
is attached the racking and spreading device. 

A very com])act and easily o])erated hand cutting-table is shown 
in Fig. 87. ^liy means of the crank in front of the talje the slab 
is pushed through the first set of wires; by means of the crank at the 



Fk;. 85.—Autoinalit I’oucT-slabbor. 

side of the table the slab is then ])ushed through the long header 
uj)on the other side of the table. Here the soap may be removed 
and racked by hand, by e.ttaehing a spreaderdevice and a rack- 
supjiort to this side of the table, the soap may be pushed upon the 
racks by means of the slab of soap behind, and the ojierator by merely 
lifting one end of the rack filled with soaj) and pulling it with sliding 
motion uj) the inclines, effects a uniform sejiaration of the soaj) 
throughout the length of the rack. JJy use of the hand cutting- 
table shown in Fig. 88, sjireading of the soaj) on a pair of racks 
is effected by the same mo\'ement of the crank that effects the second 
cutting of the slab. 

A cutting-table constructed entiri'ly of lu'avily enamelled iron is 
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shown in Fi|r. 89. The ])Ushcr-blorks A and B arc connected hy 
chain and sjjrocket to shafts on which are the hand-wheels, C and D, 
by means of which the operators effect the movement of the slal). 



The Wetherill automatic cutting-table, Fig. 91, consists of a cast- 
iron frame supi)orting two taljles, eacli having a i)usher to force the 
slab of soap througli the cutting-heads. The first pusher is guided 


Fir.. 8e.—Diagram f Hant! Cuttin;;- 
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on two steel circular guides and is driven by means of two link 
chains passing over the guides; the second pusher runs on cast-iron 
guides machined and scraped to fit. This is driven by means of 



Fio. 88.—Cutting-taljlp, with Automatir Sjwc-adcr. 


a machine-cut rack and jiinion. These pushers run automatically, 
starting, stopping, and remaining idle at the proper intervals. 
These movements are performed by one master-wheel, Fig. 92, which 
docs the w'ork without the use of cams, levers, springs, ropes, or 
drums. 
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The cuUing-wircs are held in movable finished steel frames 
which can be slid out and other frames with difTercmt sj)acing of 
wires inserted. The wire-holders arc small hooks with a thread 



and thumb-nut. The wires are twisted around the hook and inserted 
into the frames. Hard-wood blocks in the frames separate the wires 
the iiroper distance. 'Jliree strong boys are Siurficicnt to operate 
the cutting-table. Two arc stationed at the long table and trans- 
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fer the slabs from the frame to the table, while the third operator 
helps to lift off the racks of soap when filled and to place empty 
racks in their jiroper position to be filled. 



The construction and operating mechanism of the Detroit cutting- 
table arc shown in Fig. 93. 

Scrap. The percentage of scrap obtained on slabbing and cutting 
depends upon absence of air-lioles, foreign matter, etc., in good 



MECHANICAL n(^UlPMENr OF THE SOAP FACTORY. 205 

soap, the degree of cracking in soap crutched and filled too hot, 
the agreement of bar and frame dimensions, and the shape of the 
bar—more scrap being made with an oval bar than with one of rect¬ 



angular cross-section. It varies from 12 to 25 per cent of the total 
weight of soap in the frame. It should be endeavored to reduce the 
percentage to as low a figure as possible. The disjiosition of scrap 
IS determined by a variety of circumstances; it may be either added 
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If) the kettle on the strengthening change, or rf'melted and framed 
directly, f)r the remelled soap mixed in varying amounts with fresh 
soap in the crutcher. Whatever procedure is emj)loyed dei)ends 
upon the volumf' of scra]>, the cost of tilling, and, what is most im])or- 
tant, the api)earance desired in the Jinishf'd ])roduct. Where utmost 


clearness of texture ancl brightni'ss of color are desired in the finished 
jiroduct, where soa]) is made on a comjiaratively small scale, the scrap 



I'^ic,. Detroit Cutting-tabJe. 

is returned to the kettle. With a large volume of sera]) and less 
attention jiaid to the a])])e;irance of the finished ])ro(luct as stated, 
the scnip is remelti'd and framefl directly or mixefl with fresh soap 
in the ojieration of crutching. 

The Remelter.- In factories of small si/.e, where the volume of 
business does not warrant the installation of a separate remelter, the 
remelter is very conveniently combined with the crutcher by jjroviding 











MECHANICAL EQUIPMENT. OF THE SOAP FACTORY. 207 


any type of crutcher with a steam-jacket. The essential features of a 
rcmellCT are shown in the conventional form represented in Fig. 94. 

Tlie machine is composed of a sheet iron tank having a system 
of steam-])i])es arranged inside, and a grating for the .soap to rest 



Fit;. (;4.—Riim-lliT. 

upon. The steam ])ipes are arrangetl so that circulation of steam 
lakes ])lace tliroughoul the complete nest, and an e\liaust is arranged 
at tile bottom of the tank. In addition to this a l)ip(‘ is arranged 
for admitting live steam directlv into the tank. When the remeller 
has been filled with scraj) .soa]) live steam should be admitted to the 
coil for aliout tc‘n minutes, and at the same time steam should be 
admitted to the nest of jiipes. At the end of about ten minutes the 
live st(‘am can lie shut olT and the remelted soaj) let out at the dis¬ 
charge-gate in the bottom of the tank directly into the crutcher, 
and after mi.xing in this machine it is ready for the frame. Open or 
live steam should be let in from time to time for about ten minutes. 

To give the'proper results the remelter should have its steam-pipes 
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SO arranged that each has an indcj)endent sui)ply of steam and dis¬ 
charge for condensed water. It should heat tlie soap evenly, melt 
it, and as fast as it is melted automatically, remove the melted soap 
and re])lace it with fresh scraj). It must also be rapid in its opera¬ 
tion. The rc‘melting-tank i)r{)])er is insulated by asbestos covering 
and is surmounted by a strongly braced wood case extending where 



warranted to any convenient height and designed for the storage of 
scrap, to which it may be conveyc'd by hand or by an automatic serai)- 
i-lcvator of the hell type. Wliere the volume of husinc,s.s warrants 
a sc])aratc rcmclter is used for each srade of filled soa|). As the soap 
melts and is removed, the charRe descends by Rravity and the opera¬ 
tion of rcmelting and crutching can be made continuous. With this 
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system one crutcher is used for two remelters. The texture of 
remclted soap difTcrs from that of fresh soap in being less bright 
and clear as a result of less complete fusion. Fresh perfume and to- 
15 pounds 36° Be. soda-ash solution may be added to each crutcher- 
iharge. By mixing varying amounts of remclted with fresh soap 
the api)earance of the remclted product is greatly improved. In 
filling, allowance must be made for that already j)resent in the melted 
scrap. • 

A remelter of imj)roved mechanical construction is shown in 
Fig. 95. The healing device is essentially that of a steam-radiator, 
])roviding for the conlinuous presence of live steam in the heating- 
coils anfl for. the removal of waler of condensation as fast as formed 
without first traversing the entire length of the heating-coils. At the 
point of the cylindrical tank where it begins to dish is located the 
steam-chamber, siij)j)orling individual radiating [)ipes between which 
and through suitable Openings in the steam-chamber the soap as it 
melts descc-nds. Below the steam chamber is placed a sieve, above 
which is a })ij)e for the injection of live steam, and below which in 
the dish is a closed steam-coil. The remelter is provided with a 
gate-valve of amj)le dimensions. To start the remelter, steam is 
admitted into the closed coil located in the dish. Where the 
moisture-content of the soaj) is siuh as to warrant the use of 
live steam, this is jjrovided for by the open coil located above 
the sieve. The high efljciency of the heating system provides for a 
continuous flow of remelted soaj) with a minimum ex})enditure of 
steam. 

Drying of Soap.- Freshly cut soaj) is soft, sticky, and oj)a(jUC, 
and, if ])roperly crutched, should be h(anogeneous. It contains 
from 30 to 35 ])er cent of water, dej)en(ling u})on the manner in 
which the soajT was finished, and uj)on the nature of the addition 
during crutching. In calculation, 100 j)arts of neutral glycerides 
are considered to yield 150 ])arts of finished soap. An analysis of 
a pure curd soaj) at this stage ])resents the following data: Fat 
anhydrides, 61.80 ])er cent; combined alkali, Na^O, 7.21 per cent; 
water, 30.99 per cent. 

The i)resence of a greater amount of water than is here shown 
would tend t6 indicate an intentional addition, its incorporation 
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being made i)ossiblc without cxcessi\c softening by the use of soda- 
ash and sodium silicate. 

Previous to the introduction of the rapid-drying apparatus the 
moisture in the exterior ])arts of the bar was fillowed to evaporate 
spontaneously. Py this method the drying was an extremely slow 
process, and also very unsatisfactory in that the weather was the 
arbiter of the oiilj^iil. W stove in a closed room was a great im¬ 
provement. This ])rimitive method, with iu^ manifest disadvantages, 
was succeeded bv a svstem of hot-air circulation bv natural draft. 
Steam heat by simjile radiation from ])i])es was also employed, and 
with the introduction of forced draft the elements of the system of 
drying at ])resent in use were established. 

The ])ur])Ose of tin- drying-room is to hasten the eva])oration of 
water from the surface of the bar so that there may be formed a 
thin- crust of comparatively hard soaj), which serves to retard 
further evaj)oration from the interior, and which allows the bar to 
be j)ressed and stamj)ed without the soaj) adhering to the dies. 
Without the formation of this skin of firm soaj), the latter ])rocess 
is im])racticable. On cutting a bar of soaj) into haives, this su))er- 
ficial drying becomes ])lainly evident. The soaj) when removed 
from the drying-room, and after pressing, has a smooth, glossy, and 
translucent surface, which condition is in marked contrast to that 
observed at the cutting-table. During the drying i)r()cess from 3 to 
5 ])er cent of water has been ex])elled entirely from the surface of 
the bar, while the interior contains the amount of watei originally 
present, viz., 30 to 35 ])er ('cnt. 

The aj)])earance of soa]) is affected by the eva])oration of water 
from within the mass, and by the absorption of water from without. 
Drying ensues at all times, but diminishes as the di‘w-])oint is ap- 
I)roached when it reaches zero. Moisture condenses upon the sur¬ 
face or is absorbed at a rate increasing as the dew-]){)int is reached, 
where the tendency for any soaj) is at its maximum. Jt varies with 
different soa}) according to its stock and method of manufacture. 
It is greatest with olein stock, of which cottonseed-oil is the chief 
rci)resentative, and rosin, and greater with soaj) made by the boiled 
than by the cold {)rocess. The “sweating” of soaj) is directly as 
its solubility, and is least with soaj) made from firm stock. 
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]n the drying process air fulfils two functions: it carries to the 
moist soap the heat necessary for eva})oration, and serves as a vehicle 
for the removal of moisture. The ca])acity ot air for heat is very small, 
its specific heat being but .238, with water as i. Its caj)acity for 
moisture depends directly upon its tem])erature and its relation to the 
dew-point, naturally diminishing as the jjoinl of saturation is reached. 
With rise of temi)erature the ca])acity of air for moisture greatly in¬ 
creases. It is estimated llRit air at 72° Fahr. has a threefold greater 
capacity for moisture than the same vfilume at 42° P'ahr.; at 132° P’ahr 
its caj)acily has increased 20 limes, while at 172° Fahr. its capacity 
is more than 80 times as great. Increase of tem})eralure thus means 
the more ra])id formation of vapor, with a much greater increase in 
the ca])acity of air for absorbing it. Add to this the ra[)id circula¬ 
tion of air, ])resenting to the moist surface at eviTv instant an atmos- 
I)here greedy for moislpre, and the great convenience and efficiency 


of artificial drying become c^virlent. 


The essential re(]uirements of 


the heating and vi'ntilaling a])paratus of thi* ilrving room are that 


it should jirovide a large volume of air at the re(|uisite temperature 


and maintiiined in rapid circulation. A coni])aratively low tera- 
jHTature, 8a ioo° Fahr., is ])roductive of the best n'sulls. A tem- 


jierature in excess of 100° Fahr., or air maintained at this tem])era- 
ture for any consideraljle jieriod, is not only unnecessary but unde- 


.sirable. :\t this temiierature, if allowed to remain too long in the 
drying room, the soaj) undergoes an ap])re('ial)le .softening with the 
develojiment f)f more or less discoloration. The temjieralure at 
which soaj) will melt dejiends ])rimaril\ ujion the nature of the stock 
from which it is made and the proportion of water with which it is 
as.socialed. In the drying of green soa]) it is desirable that the 
currents of warm air should circulate lengthwise of the bar, in order 
that the largest extenj of evaporative surface may be exposed, and 
the drying process thus hastened. 

Aside from the processes in the kettle, there is no stage in the 
manufacture of settled soap that re(|uiri';. greater care in its opera¬ 
tion than the treatment received in the drying room. Improfierly 
dried .soaj), while it may cause no great trouble in the press, is .sub¬ 


ject to rapid deterioration in 


appearance, and the influence of this 


one factor on its ultimate distribution demands that its final treat- 
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mcnt in the factory be the subject of ibe closest attention of the 
soaj)-maker. 

Drying-rocm.—'I’lie mechanics of the modern soa])-(lr}dng room 
represent more tlian the translation of a similar i)rocess employed 
in other de])artments of industry than it does a natural evolution 
from ])revious elTorts in this ])articular field. The use of the cen¬ 
trifugal fan in the production of artificial draft dates from the six- 


Grains oT moisture per cubic foot, and percentage of humidity. 



l-’lC.. Ilvgroincln’c f'harl. 

As liiMt rarefu-s ^hc .nr it iiu n .iscs ,ts .... it i , .,rr> inr ,,1T iiinisUirc, as rcjircsc-ntc-d liv 

tlu-iurvi-ii liiirs i,f lliiMliari. Tli. uir\.-i hm s i. pn ii. i.fo, 4 s, 5a, ou, 71., Si., 1,0, and 
100 i)ir Liiil liuniiiiity or iiii.istiiri', iucimpkhI tuin;. c|t i\-p,,int. 

teentli century, but it vas not until Stevens’ exjuTiments in the 
early jiart of the last century that the devices for arlilicial draft 
resolved themselves into the two systems of ventilation we know 
to-day, viz., the jilenum and vacuum, or, resjiectivelv, forced and 
intluced draft. These found their first aiiplication in’ the firing of 
boilers. Ihe use c>f centrifugal fans in this connection, however, 
languished at first, but with the growing demand for increased 
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engine speed and higher steam pressure their employment as a 
substitute for natural draft in the combustion of fuel has become 
almost universal. The application of the improved fans in the 
heating and ventilation of large buildings was a natural step. Con¬ 
sidered more intimately in connection with the drying of soap, ven- 
ilating-fans n^ay be divided into two general classes, viz., the cen¬ 
trifugal fan or blower and the ])ro])eller or disc fan. The former is 
more generally confined to#ventilation by forced draft and is de'signed 
primarily for removing air under pressure. P'ans of the disc t}’pc 
are not adapted for pk'iium ventilation. They find an extensive 
use and are very satisfactory for moving air under slight resist¬ 
ance. 

Both systems of ventilation, the plenum and vacuum, are em¬ 
ployed in the drying of .soaj). The equipment of a drying room 
under the jilenum .system .comprises, as a rule, a centrifugal blower 
oj)erated either by belt from shafting or Ijy direct- or belt-connected 
engine and a sectional heater, which consists of steam-j)ipes enclosed 
in a sheet-iron case which communicates with the di.scharge of the 
fan-case. Air may either l)e drawn through the heater and dis¬ 
charged at the desired temjx-rature into the drying-room, or the 
heater may be interposed and the air forced into the drying-room 
directly from the heater. As the results producefl are the same in 
both cases, convenience of application will determine the arrange¬ 
ment. With forced draft the drying room is so constructed that 
heated air enters at one end and leaves at the other, while freshly 
cut soaj) is introduced from the side, and as the drying progresses 
it is drawn towards the efUux of heated air and is finally removed at 
the oj)|)osite side. The heater and fan may be i)laced at o];)j)osite 
ends of the room and the fan emi)loyed to exhaust the warm and 
moisture-laden air. With this arrangement we have an example 
of the vacuum system, or drying by induced draft. The use of a 
fan of the centrifugal ly[)e is now not desirable. I'he checi])er and 
simj)ler disc fan set in the framework of the wall is, with this arrange¬ 
ment for the drying of soaj), e(|ually efiicient and satisfactory. The 
hot-blast drying aj^paratus, although compact, occupies valuable 
space. The exhaust-steam connections with the necessary insula¬ 
tion are simple and easily made. 
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By distril)uling the pipes of the sectional heater throughout the 
drying room in rows ])arallel to the trucks of soap, and under open¬ 
ings immediately above for the admission of cold air, not only is 
greater uniformity of the drying process obtained, but the use of 
the cheaper disc fan, which is admirably adaptefl for this type of 
ventilation by exhaustion, is ])ermitlcd. Exhaust-sley.m connections 
are made through the floor, and by means of suitably placed valves 
steam' may be cut off from any section, thiu' varying the cajjacity of the 
dr)Mng-room at will. This lyj)e of drying-room equipment is in use 
in many of the largest soap-manufactories in this country, and cer¬ 
tainly re])resents an evolution in simplicity and cheai)ncss of the 
forced-draft system of ventilation as aj)plied to the drying of soap. 

Installation of Disc Fan.—In installing the disc fan where it 
is set in the side wall, window, or roof, a strong framework of w'ood 



Fig. 97. -Disc Fan as Installed. FlC. 98.—Disc Fan Set in the 

Side Wall. 


mortised and tenoned together is recommended. Secure this frame- 
w'ork in the ojtening in the wtill, window, or roof with lag-screws or 
bolts with .screw-nuts; jtlank over the entire surface of the framework 
and opening; then cut a circle from the jflanking the diameter of the 
flange on the inside edge of the metallic frame of the fan; screw thtj 
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frame securely to the planking, taking special care that the entire 
work is set perfectly plumb and true, otherwise it will be impossible 




Fig. ioo.— Disc Fan Driven by a Motor. 

to run a belt upon the pulley or to get salisfaclor}’ results. When the 
fan is thus set upright in the side 'W’all or window and ready for the 
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belt to be applied it will appear as shown in Fig. 97. When the 
fan is set iij^riglil in the side wall or window, Fig. g8, and it is desired 
to ])i])e l)ack from the fan on the inside and also discharge through 
a pij>e as shown in Fig. 99, care must in every instance be taken 
that the inlet or sui)])ly-pipe be enlarged one fourth of the fan’s 
diameter for a distance back from the fan of not less than the diam- 
eter of the fan where it can be ta]K‘red down to the diameter of 
the fan as shown in Fig. gg. When used* for moving air by exhaus¬ 
tion care should lx* taken to see Jhat tlie fan is the only possible outlet 
for air. All openings near the fan must be closed when set as shown 
in Fig. 97. Should o])cnings be left in the drying-room the fan will 
take its su])ply from the nearest source and the moist air below 
the level of the fan will not be drawn towards it. I'o secure 
the best re.sults in the drying of soap the openings for the in¬ 
gress of dry air shouhl be so located as to insure its uniform 
distribution throughout the mass of racked soaj) as it is drawn 
to the fan. In Fig. 100 is shown a ty])e of disc fan driven by a 
motor. 

The Foot-press.—The foot-press, shown in Fig. 103, with mechan¬ 
ism for elevating the lower die on removal of the j)ressure and with 
safety-guards to prevent injury to the lingers of the operator, is in 

its rudiments the simi)le hand-stamp. 
Fig. Toi, a])])lied to the dried cake of 
soa]) contained in a metallic box, to 
which sha]>e the cake is made to con¬ 
form by ])ressure apj)lied by the foot 
of the operator. 'I'he foot-press pro¬ 
vides a sudden ]>owerful blow uj)on 
the cake of dried soajj ])laced in the 
box of the die with the thumb and 
index or second linger of the right 
hand, the left hand being used in the 
same manner to remove the; ])ressed 
cake as it is forced out of the box by 
the upward movement of the lower die. Tower is aj)i)lied by the foot of 
the operator and is aided by a system of counterj)oised weights which 
after the blow has been delivered return to their original position, at the 



Fig. ioi.—H and-staiii}), 
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same lime expelling llie pressed cake of soap from the box. By refer¬ 
ence to Figs. 102, T03, and 104 it is seen that a foot-press consists 
essentially of a bcd-])late substantially sujjported and suitably grooved 



Fio. 102.—Foot-jKiWLT Soap-press. 

for the firm clamjiing of the* die-box, a movable plunger for the eleva¬ 
tion and depression of the lower die, and a viTtical shaft moving truly 
in a guide and to which is attached the sliank of the upper die. 
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By suitably adjusting the C(>unterf)oised weights the power of the blow 
can be ada})ted to soap of any texture or degree of firmness. 

By attaching a single-action steam-cylinder below the bed-plate 
in such a position that its i)islon by means of a cam actuates the 
lever bearing the counler]>oiscd weight, steam may be successfully 
ai)]>lied to thp operation of a foot-press. 

In the type of foot-press shown in Fig. 104 the ram is provided 



No. 1. 


Fio. 104.—F«>ol-]>rcss. 


with four V-shaped planed slides, which run in corresponding bab- 
bitt*‘d ways; two on the head })roj)er, the remaining two on an 
adjustable cap-])lale. By means of this j)late, ab.solule adjustment 
is always obtained, W’hich means perfect alignment, and long life to 
the die. 

The knock-out pin, wdiereby the pressed cake is ejected from the 
die-box on the u})ward movement of the ram fu])])er die), is operated 
by a cam-action. Press No. 2, Fig. 104, is j)rovided, as shown, 
with three knock-out pins, as well as guide- or steady-rods on either 
side of the ram for the ])ur}K)se of pres.sing long bars. 

The following considerations are im])ortant in determining the 
choice and use of a soap-i)ress: reciuirements of the factory as to 
the amount and variety of the output; ready adaptation of the press 
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to dies of different types; ease of operation; noisclcssness; stability; 
the guide for dies must be perfect to eliminate undue wear, and 
the arrangement for lifting the cake from the box must be such as 
to prevent the defacing of the impression by too forcibly ejecting 
the cake against the upper die. 

Pressing Soap.—'I'o press .satisfactorily, the soyp must be in 
proper condition. This is a matter of great importance in the use 
of automatic power presses, wherein from their nature there can be 
no ^'ariation in the power of tl^p stroke; while with foot-presses the 
operator may adapt at will the intensity of the stroke or blow to 
the character of the soap. 

As will l)e learned in the discussion of the boiling of settled 
grained soap, the settling change is the crucial stage of the entire 
procedure of soajj-manufacture. In considering the settling change 
at this time from the point of view of soa])-])ressing, we may slate in 
general that the settling change is the resultant of all the influences 
that have affected the .scKip during tlie prior procedure. If the soap is 
not well made it cannot be settled satisfactorily. If the soa]) is not 
settled properly, taking into consideration the character of the stock 
and the consistency desired in the finished product, the defects arc 
bound to show themselves in each successive stage, and finally in 
pressing. Confining our attention entirely to tlie behavior of soap 
in j)res.sing, we may state that a firm-bodied soap .should be settled 
“thinner” or “ finer” than a softer-bodied soap. Soap from firm- 
bodied stock, settled coarsely, dries quickly on the racks, lacks 
flexibility, and, under the sudden, jiowerful blow of the jiress, will 
invariably fracture, with a resulting large proportion of scrap, to 
be reworked, abuse of the soap-dies, added burden upon the operator, 
and lessened output. 

Soap from soft-bodied stock, settled thinly, to say nothing of the 
large nigre which invariably will form, if it form at all, dries slowly 
on the racks, is soft, and adheres to the soap-dies. While there may 
be no loss in scrap such as characterizes the other extreme before 
described, equally un.satisfactory results in pressing will obtain. 

These remarks are made to indicate the influence of an improper 
settle on the behavior of soap in jiressing. 

In the manipulation of milled toilet-soap prior to pressing, as 
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will be described in the manufacture of soap of this class, the con- 



Fig. 105.—Fcx)t-powcr Press for Impressions on all Sides of Cake. 

sistency of the soap with respect to pressing must be constantly born 
in mind. 

Cold-process soap, from its nature, is very satisfactory to press. 
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Scouring or sand soaj) gives com])aralivcly little trouble in press, 
ing. When slabl^ed and cut for pressing in a foot-]jress it should 
not be allowed to become too dry. This observation, while impor¬ 



tant, is of lesser consideration when the scouring-soap is moulded 
and the mulliple-die i)ress is used. 

The lubrication of the dies is more or less essential with all soaps, 
according to their consistency, to prevent the soap from adhering to the 
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Fig. io 7 .-DetrGit .\utomatic Soap-press. 
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lettering or other design of the dies. It cannot be dispensed with 
in the use of the automatic po\ver-])ress wherein the lubricating liquid 
is allowed to droj) by gravity ujion the soap and dies from a suitably 
ocated reservoir; with the footqjress the necessity of cleaning the 
dies, usually with a brush and water or brine, is determined by the 
consistency of the suaj). 

Afoot-press for the jiressing of six-sided cakes is shown in Fig. 105. 

The output of a fool-press depends Upon the shape and size of 
the cake, the condition of ihi soa]), and the skill of the ojierator. 
If the soa]) is too moist it adherc's to the di('s; if too dry, it lends 
to crack, which is especially true of all short-texture soa]), such as 
iilled mottled sf)a]). In any case, more or Jess cleaning of the dies 
with water, ])ickle, or dilute acetic acid is necessary. 

(.)ne hundred boxes a day, one hundred cakes to the box, if jiressed 
good and clean, is considered a fair minim.um day’s work. Some 
factories do not look for their ])ressmen to work so rajiidly and 
I)refer their men to do less, but to turn out well jiressed soaj). 

Soa])-pressing by manual lal)or is su])ject to many disadvantages, 
chief of which is the common liability of the operator to loss of fin¬ 
gers through carelessness. 

The Power-press.—At ])resent the automatic power-jiress repre¬ 
sents the last stage in the mechanical evolution of the hand-stamp. 
It has arisen to sui)ply the demand for a jiress that would be safe, 
ra])id, and economical. The dujilication of the old-time foot-presses 
and the excessive amount of labor for their ojieration have been 
sources of exjiense and annoyance in miiny ways. In Figs. 106 to 
112 are reiiresented Jive forms of this type of jiress. For their satis¬ 
factory ojicration the soaj) must be well dried and lubricated. Early 
forms of the automatic ])ower jiress were not adaj)ted to the use of 
dilTcrenl dies, but the more successful forms at i)resent in use possess 
the interchangeable-die feature. In the Duquesne interchangeable- 
die ])ress. Fig. 106, the cakes are transferred by hand from the racks 
on to an endless belt, running on the surface of the feeding-table, 
whereby the cakes are automatically fed into the droj)-box, down 
which it falls between two dies iin])elled in a horizontal jdane. Ily 
the reverse ojieration of the u])j)er and lower dies, the pre.s.sed cake is 
withdrawn from the box and then by the operation of suitable gri])- 
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pers the cake- is so damped or held as to permit of the separation of 
the movable dies, acting as ])lungers working horizontally from the 
sides of the cake of soap. The pressed cakes drop upon an endless 
belt and arc carried to the wra[)ping-bench. 


In the Detroit press, a view of which is shown in Fig. 107, power 
is transmitted ,to the u])i)er and lower dies, moving in a vertical 



Kic. loS.- -Tht' ('urlis Davis Thrcc-dic Rotary Press. 


]3lane, by means of an eccentric attached to the shaft bearing the 
belt. 7 'hc cakes arc fed to the die-box by gravity, being placed in 
a feed-box supported at an angle of 45 degrees. The cake is thrust 
into the box from beneath the pile of superincumbent cakes by 
means of an automatic pusher, which, together with the unpressed 
cake, throws the ])ressed cake as it is elc\'ated by the low'er die on 
to an endless belt, by which it is carried to the wrapping-bench. 

One of the earliest successful automatic soap-presses is the 
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Curtis Davis thrce-dic rotar}^ press shown in Fig. io8. It consists 
essentially of double cylinders placed end to end, in which rotate 
cams that automatically bring together and withdraw horizontally 
two dies, corres])onding to the upjjer and lower dies of the foot- 
press, which meet in their corresjxmding die-box, of which three 
with theif corresponding dies are arranged 120° apa,rt. The dried 



iO(;. —'J'lir I'llilcti Autoiiiali* P<)\vcr-i)ri‘ss. 

soaj) is transferred from the racks on to the feed-belt, from which at 
right angles each bar is singly nK)^•ed forward to the die by means 
of a “finger” on the small chain-belt shown in the figure and to 
which j)ower is apjdied by the large chain-belt susi)ended from the 
shafting. The ])ressed cake is dropped on a belt which carries it to 
the wrapping bench. 

In the Tilden j)ress, Fig. log, the cake, placed on its narrow side 
on the feed-belt, is ])rojecled into the die-box, where it is subjected 
to the ])ressure of vertically moving dies. (In the release of the 
pressure the j)ressed cake is automatically elevated by an upward 
movement of the lower die, whereupon it is automatically displaced 
and dropped u})on an endless belt. 

The Buffalo automatic j)owcr-press, Fig. no, is actuated by means 
of suitable gears and cams driven by belt. The cakes of soap are 
fed into the inclined guide. The lowest cake in the guide is jmshed 
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automatically under the upper die, which movement is properly 
adjusted with that of the upper die. After the first cake is passed 
under the die, the second ('ake is pushed forward and ejects the first 
cake, which has been pressed and raised out of the die-box. The 
average rate of operation is 1O5 cakes per minute. The standard 



Fig. 110.—Thu BulTalo Automatic Power-press. 

foot-press die, with i-inch shank, is available for use without 
change. 

As volume of business determines the use of automatic devices of 
this character, they are found only in the largest manufactories or 
where a large amount of a single brand is pressed. They vary in 
ca])acily from 500 to 800 boxes per djiy, n-presenting an outjiut of 
5 to 8 foot-j)res.ses and retjuiring the labor of but one attendant. 

The Miller press, Fig. 111, is rejiresentative of a class of power- 
presses which, while jireserving the mechanical features of the foot- 
power press, effect the apjilication of pressure either by steam 
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directly or by belt. In ihe Miller press, power is derived wholly 
from the bell, the operator being rccjuired merely to place the cake 



Fi«. III.—Tlif Milli-r Safely Automatic Powci-press 

in the die box, as is customary with foot-presses, and to remove 
it in the same manner. 
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Its safely to the operator lies in the fact that the blow that gives 
the impression cannot be made without using both hanrh to push 
the levers, shown on either side of the bed, outwards. This double 
movement, after a little practice, is simultaneous with reaching for 
and depositing the cakes of soap. 

As the im2)ression is made one-fifth of a second after ^the levers 
are touched, the l)low is jiractically instantaneous, not giving the 
operator lime to bring his»hands back again to the dies. 

Any set of dies that are now usi^d in foot-presses can be used in 
this press, compensating devices for thick or thin cakes being pro¬ 
vided. 

The press is also arranged that cakes of varying thickness will 
receive the same pressure, as the bed of the jiress i; movable, being 
controlled by a weight not seen, and whicli leaves the force of impact 
regulatable by the adjustment of this weight. 

The o])erator may be jirovided witli a bench or chair to sit upon 
while jiressing, and a heljier to carry the soap to the jiresser may be 
em])loyed to keep llie machine at its maximum speed. In this man¬ 
ner 100 to 125 gross of loilet-soa]), for which the jiress U esjiecia lly 
adapted, may be pressed jier da}’, without any injurious or arduous 
effect upon the ojierator. 

Soap-dies. —J^revious to the introduction liy Babbitt of the bar 
soap, such as we are familiar with to-day, soaj) was sokl in liulk by 
weight, just as the grocer now dispenses cheese. An inijirovement 
iijion this awkward manner was cutting the soa]) into pieces of con¬ 
venient size and marked with the name of the manufacturer. These 
jiieces were either wrajijied or unwra])ped. This style, plainly 
marked with the hand-stamj), persists to-day in many localities, 
'riiis inijirovement in the form of soap jilaccd uj)on the market pa\’ed 
the way to the introduction of the cushion-shajied ])ressed bar, and 
with this innovation we may date the beginning of the soap industry 
as we know it to-dav. 

There are four classes of soaj) dies, viz., the hand-stamp, the 
progenitor of all others, shown in Fig. loi, the box-die. Fig. 112, the 
pin-and-shoulder die. Fig. 113, and a combination of the box and 
pin-and-shoulder dies, Figc 114 and 115. 

The hand-stamp is the earliest form and is used for stamping 
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unmouldcd soji]) with the brand and name of the manufacturer or 
vendor. It consists sim])ly of an engraved brass plate, mounted on 
a wooden base, providefl with a handle. The three succeeding forms 
of dies are essentially moulds in which the soap is compressed by 
the dies simultaneously with the Impression. The common form is 
the boA-die, big. J12, which is used uniyersally for laundry soap. It 
consists essentially of a box in which the dried soaj) is compressed 
by the u])])er and lower dies; the stationa*y box, bolted to the bed¬ 
plate of the ])ress through the flanks, and the moyable upper and 
lower dies constituting the mould, lly varying the height of the 
box or the thickness of the Iowct die, which, however, should be as 
high as permissible to ])royi(le a large bearing surface, cakes of dif- 
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ferent thickness and weight can be pressed in the same* box. By 
means of movable die-])lates or jjanels in the lower die, Fig. 115, 
difTerent impressions can be made in bars of the same si/.e. The 
movable dies are machine fitted to move accurately in the box, but 
commonly, owing to imjjerfect adjustment of the dies and faulty 
movements of the press, which arise with long-continuerl use with¬ 
out skilful repairing, the accuracy of the dies is often soon destroyed 
and the u]:)j)er one rendererl worthless for good work. To overcome 
this inequality of wear, a self-adjusting die is made in which the 
box is ])rovided with jirojecting lugs or shoulders drilled to receive 
the two gauge- or guide-])ins which project downward from a corre¬ 
sponding shoulder on the upper die. 
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As these steel pins project beyond the lowest point of the up})cr 
die and enter the steel-lined recesses in the shoulder of the mould 
before the upper die reaches it, they compel the uniform entrance 
of the uj)pcr die into the mould and obviate any possible chance of 



nickin" or shaving, 'rhis imjn'ovement, together with a section 
through an ordinary box die, is shown in Fig. 115. 



Fie.. II.1.—('<»ml)mation Box and I’in-and-shoulder Die. 

The pin-and-shoulder die. Fig. is used exclusively for milled 
soap. It consists of two parts, viz., the ujiper, movable die carrying 
projecting lugs or shoulders with guide-pins, and a lower stationary 
part, forming the mould, carrying shanks for attaching it firmly to 
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the bedplate of the i)ress and shoulders with corresj)onding holes 
for the reception of the guide-juns of the u[)per die. The shoulders 
receive the force of the blow and allow the dies to meet accurately 
at the cutting-edge, whereby all superfluous soap is removed. In the 
box-die all the soap in the cake is compressed into a bar, the pressure 
of the blow conforminji: the cake to the mould. With dies of this 
class all cakes are jjressed to a uniform weight, all surplus soaj) being 
separated by the cutting-edge. ,, 

The combination die, I' igs. 114 and 115, is simply an adaptation of 
the box-die, whereljy its use with milled soaj) is })()ssible. Not only is 
all surjdus soap expelled, but by means of a lower die of variable thick¬ 
ness, cakes of dilTerent weights can be pressed. Regarding the dies, it 
is of inijjortance that they should be constructed and arrangt‘d with 
a pro})er regard for the jjarticular purjjose for which they are intended; 
in other words, they must be adajHed to the grade of soap for which 
they are to be used. The lettering of the die must be made so that it 
will not retain a hold on the soap, but should release or withdraw from 
the soaj) i-asily, and the fine, sharj) points of a dc'sign should be made 
as large as the circumstances will jiermit, in order to give such places 
the greatest strength possible. The workmanship of the die is shown 
at once in the ajipearance of the pressed soap. The engraving should 
be skilfully executed, so as to produce in the soap clear-cut and even 
letters, especially when the characters on the soap are in relief. All 
surfaces in contact with the soa|) should be perfectly smooth in order 
to ])roduce, es])ecially with milk'd soap, a smooth and glossy surface. 
With a die of inferior workmanship, a good apjiearance cannot be 
imj)artcd to any soap, whatever its (juality; on the other hand, a 
finely executed die greatly adds to the appearance of an inferior 
product. Soap-dies are made usually of gun-metal or rolled brass. 
The box may be made of iron and lined with brass. 


In Fig. 116 is shown a die-box 01 novel construction to permit 
the taking up of inevitable wear and to insure accurate adjustment 
of the moA-able upper and lower dies to the stationary box. As wear 
ensues with a box of this design, it will not become necessary to 
spread the edges of the dies to make them fit the box, but jdates may 
be removed to effei t the adjustment necessary. 

Soap-wrapping. The pressed soaj) is delivered from the auto- 



* MECHANICAL EQUIPMENT OF THE SOAP FACTORY. 233 



Fifi. IT5—('omltiiiiilioii Dir. ( I, lio\, P, upiirr die; C, lowiT die; shank 
F, fixed [i.inel; l'\ di.i'ij'ealile p.iiiel; O, ll m>:;es.) 
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malic press by belt conveyer to \vra])])ers al a lonj; table, arranged 
on both sides of the bell, from which soap is taken as desired. Spe¬ 
cialization of labor at this stage takes a variety of forms in different 
jdanls. Where one ])ersf)n wra])s, j)acks, and nails each box, 40 
boxes ])er day ])er worker is an average out])ul. In Fig. 117 is 
shown a type of wra])ping-lable adapted for use with an automatic 
press. Soa])-wra]>piiTg is now elTeclc'd by automatic machinery, one 
form-of which is shown in Fig. 118. is automatic throughout, 
of interchangeable ])arts, and will wraj) round, oval, or square- 
cornered cakes with both insicle and outside wra|)pers to the extent 
of 300 to 450 cases of 100 cakes ])er day. It receives soaj) direct 
from the i)ress and conveys it eilhtT wraj)ped to the ])acking-bench 
or automatically j)acks it in tht' box. 



L'k;. ii (>.—Adjustaljlf Soap-dif. 

The Soap-box.—I'he question of box supply is an important one 
with every concern in the industry. With factories located in man¬ 
ufacturing centres, the sujjjdy may be obtained from a box-manu¬ 
facturing establishment. ,^side from this advantage the (jue.stion of 
procuring box material in .shooks in car-loafl lots may be an im])or- 
tant one on the score of economy. With factories remote from man¬ 
ufacturing centres, the ])urchase of the box in completed form is out 
of the question, owing to the bulk of the article and high freight. 
Where boxes are ])urchased in shook form the question of automatic 
nailing machinery for the manufacture of the comjdete box from its 
parts is to be solved by the vtdume of ])roduction. 

Where the volume of business is large, much ingenuity is displayed 






Fig. 117.—Vievv of Automatic Press and W'rapping-table. 
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in the use of labor-savin" devices for the handling of empty and filled 
boxes, as shown in Figs. 118 and 119. 



Fig. 118 is a diagram showing a method of handling boxes a 
the l^rocter Clamble factory at Tvorydale, Ohio. Kmjity boxes, 
EE, etc., are brought’from the Iio.k factory on cars B or B', and arc 
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delivered by the convener A (which may be extended to i)ositi()n A') 
to a slide Q, which reaches to t!ie ])ackers. After they are filled and 
nailed, a conveyer P (not shown here) brings them to conveyer C, 



Fig. II 8 . —Automatic S()ap-wraj>ping Machine. 

which delivers tliem to slide S in the warehouse. 'I'herc they are 
either stacked uji or loaded for shipment in cars K. 

Summary of Factory Equipment.—We have passed in review the 
methods of manijiulaling soap, together with the mechanical ajipa- 
ratus retjuisite thereto, as they customarily are and have been em¬ 
ployed from the incejition of the industry. The onflowing tide of 
inventive ingenuity has modified but little the essential character- 
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islics of soap-manufaclurc. Should the soap-boiler of thirty years 
ago, unfamiliar with the mechanical progress that has been made 
in the interim, return to the scenes of his former laboriou; activity, 
he would find no radical change in the essential procedure of manu¬ 
facture. It is true that where the volume of business warrants, 
numerous mechanical devices arc available whereby labor may be 
saved and the cjuality of the jiroduct improved. Inventive* in>genu- 
ity has been directed more to the refinement of long-existing me¬ 
chanical processes than to the introduction and use of a procedure 
in any res|K*ct comparable to the rapid-tannage processes of modern 
leather manufacture. Soap in the kettle is a chemical product; soap 



in the market is a mechanical admixture with the chemical product 
as the Ixisis. The jirocedure in the kettle is chemical, after which 
the ])rocedure is mechanical. 

Are the chemical and ])hysical (jualities of soap such that a 
period of at least three weeks is necessary to prepare it for sale, or 
is it that this jicriofl is necessary to jirejiare it as it is desired to 
make it ? 


The former question is to be answered in the negative, the latter 
in the affirmative. 

With the exce])tions of soap mixed with an abrasive agent 
(sc'ouring-soaj)) and soap mixed with a i)reponderating excess of 
soda-ash (soap-powder), from a mechanical jKnnt of view, soap may 
be* divided into two general classes, viz., laundr)' soap and milled 
soap, the former constituting the greatest amount of all soap made. 
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The (jUcilitics flesirccl in the former eljiss of son]) is what in popular 
phraseoloj^y may lx* summed uj) in the term a ready washer. 
This concurrently satisfies on one hand the consumer’s demand 
for ready solubility with a safe degree of neutrality and on the other 
hand the desire of the soa]>-manufacturer to increase the bulk, and 



Kio. iiy.—Itox Conveyer. 

weight of his jiroduct with that most inolTensive agent, water. 
Water with this class of soaj) represents the soa])-manufacturer’s 
legitimate margin. 

Laundry soaj) as we know it to-day is what it is because it is as 
the consumer demands it and as the manufacturer haj)])ily desires 
to ])rovide it. Its jiresent form is the resultant of two forces jiro- 
ceeding from ojiposite directions and in strict obedience to natural 
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law. Things arc as they arc, not because a particular individual 
or class of individuals desires them to be that way, but because in 
their present form they possess their highest present attainable 



Fig, i>o. —()utlin<- of a I’nnrdure for llu- Kliniinalion of the Present Mechanical 
Devices Intervening the Crutcher and the Press. 


degree of servieealiilily. This form, however, is by no means 
stationar)\ If it were, all improvement would be futile. 

If this present form of laundry soap exists solely because soap- 



















240 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. 


t 


manufacturers desire it to produce it in that form, its change would 
be from motives of self-interest solely a matter of argument ad 
i.ominem. The present form exists because in that form this com¬ 
modity possesses its highest degree of serviceability, thereby on 
one hand satisfving the demand of the consumer and on the 
other hand the desire of the manufacturer. It is true that 

I ® 

the manufacturer would have his margin if the commodity were 
produced in another form. The maleriiij question is, Would that 
form satisfy the consumer as ex|)ressed in the j)ast history of the 
industry? If that ff)rm did not express the highest degree of 
serviceability at })resent attainable, it would not carry the seal of 
popular approval, no matter how ingenious the mechanical device 
employed to produce it. Only that, whether man or machine, 
succeeds which serves. 

With these ideas in mind, let us return to the consideration of 
the mechanical j)rocedure following the soai)-kettle. It comprises 
setting-up frames, crutching, framing, strij)j)ing, slabbing, cutting, 
clrjnng, and with milled soa]) the su])j)lementary ])rocesses of chip¬ 
ping, further drying, amalgamating, milling, ])lodding, and finally 
the jirocess common to both classes of soap, viz., pressing. Each 
proce.ss exists essentially as it did originally. In each process 
greater or less refinement of jirocedure is possible by the use of 
improved machinery. With laundry soap the introduction of any 
procedure or device is restricted to that which will not modify 
or .sacrifice the jiresent degree of serviceability of the resulting 
product. We must conclude that the jirescnt field for revolutionary 
change is very limited. With milled soaj), a revolution in the his¬ 
torical procedure has been succe.ssfully made, with no change in the 
character of the jiroduct. 

If all the forces inlluencing and determining the character of 
the product in the former case permit a similar revolution, the 
economic efficiency of a time-honored industrial process will be 
greatly increased. In Fig. 120 is shown in outline the essential 
features of the ],rocess as thus modified, and in Fig. 164 the distinc¬ 
tive apparatus of the process. 



CHAPTER VTI. 

» 

COED-PROCESS AND SEMI-BOIEED SOAP. 

I 

Cold Process Defined. Purity of Ini^redients. Proportion of Stock 
and Lye. l^'iHinj;. Teni])eratiire. Iland-crulchetl Cold-process 
Soap. A])j)aratus. Mixinej. Combination in the Frame. 

Laundry ('hipj)ed Soaj). Chippinj^ Soap. Cold-process Soap 
from Fatty Acids. Cold-process Toilet-soap. Utilization of 
Scraps from Cold-])rbeess Soap, l^inal ('onsiderations- Modified 
Cold Process. Toilet-soap: Procedure. Use of Rosin. Tar Soap: 
l^'ormula; Procedure. Trans])arent Soap. lns,Tedients. Pro¬ 
cesses. ITocc'dure. Semi-boiled Defined. Seouriujj: or Sand 

Soaj). Selection of Stock for Scourin.£^'Soai) Base. The* Abrasive 
Ai^ent. KillinjT Stock. Mixinj:;. Frame Method. Mould Meth(jd. 
Scourin.'^-soap Pn'ss. Dryin^^ Scourin^f-soa]). Soft Soaj). Stock. 
Procedure. Yield. 


Cold Process Defined. -Tlie tlircc general classes of soap-manu- 
facltiring process(‘S will ])e considered in the relalive order of their 
economy of O])eration, intricacy of the manufacturing process, and 
period of time recjiiired for their comph'tion. In this order, the cold 
process demands first consideration. The term “cold” as apjilied 
to tills j)roce.ss is a loose d(‘scri])tive. Saponification is not effected 
in the cold, and th(‘ heat i‘vol\a*d liy chemical reaction is considera¬ 
ble. Idle term refers to the fad that artificial heat is not em|')loyed 
as in the semi-boiled and settled processes, yet to be described. 

The cold process consists in the direct combination of the stock 
with a quantity of alkali, sufficient for the comjilete saturation of the 
stock, at a comparatively low temjierautre and under conditions that 
pcimit of the greatest intimacy of contact of the reacting bodies. As 
cocoanut-oil and tallow, and to a less degree cottomseed-oil, are the 
chief stocks employed in this jirocess, their different characteristics 
require a different set of conditions when used separately and a cont- 
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binalion of llicm when the slocks arc used in admixture. Five 
essentials to satisfactory work with this proex-ss are as follows: 

1. Purity of inj^redients. 

2. Accurate ])ro])()rtions of slock and lye. 

3. Pro])cr density of lye. 

4. I’roper tem])erature of ingredients In-fore mixinj^ 

5. Intimacy of contact of ingredients. 

These re(juirements of succc-ssful worjc will be discussed sepa¬ 
rately and in the order mentioned. 

Purity of Ingredients.-As all the ingredients added remain to 
constitute the soap, it is necessary, in order to secure uniform sa])oni- 
fication and the highest degri'c of brightness and freedom from dis¬ 
coloration, that the stock U* neutral, or witli tlu‘ lowest j)ercentagc 
of free fatty acids ])ractical)le, and of _^ood color. 'I’he cjuality of 
stock so jnlluences the (jiiality of the soap, that without good stock 
it is impossible to secure satisfactorx’ re.^ults. The ])resence of free 
fatty acids in any con.siderable amount results in ])remature com¬ 
bination with alkali, causing a condition called “bunching,” when'by 
portions of free fat and alkali are ineihanicallv enclosc'd bv the 
rai)idly formed soaj). .'dthough free fatty acids enter readily into com¬ 
bination, their inlluencc* in i)rodu('ing an offensive odor in use* is not 
thereby destroyed. 'J'he odor of the volatile' fattv acids of cocoanut- 
oil is ])ersistent and penetrating, and i-lTectually ])rc‘cludes from the 
cold ])rocess any oil that has ac<|uired any degrc'e of rancidity. 

The tallow should be of edible quality, although inferior grades 
are used. When of good (juality, it is commonly used directly with¬ 
out a greater p\irilieation than that si'cured by settling. Tlie (juality 
of animal stock is shown directly in ihi- color of the Jinished j)roduct, 
as may be seen lyv comjiaring soaj) made by this process from dilTer- 
ent grades of tallow.. With tallow of linn bodv, 30 to 50 jier cent of 
refined cottonseed-oil may be substituted for an et|ual weight; with 
tallow of .soft body the ])ercentage of cottonseed-oil should be re¬ 
duced. The resulting soa]) will not have the initial firmness nor 
harden so cjuickly as without tlu* use of cottonseed-oil, but the wash¬ 
ing qualities will thereby be imjiroN'ed. 

Cau.stic fioda .should not be of lower grade than 7.1°, and jjrefera- 
bly higher for the best grades of soap. Commercial caustic of 76° 



t 


COLD-PROCESS AND SEMI-BOILED SOAP. 


243 


contains 98.06 per cent of the active saponifying agent; 74° caustic 
contains 95.48 per cent, the difference consisting of impurities, 
cliiefly chloride and carbonate of soda. The lower the grade of 
caustic the more inert matter is introduced, which interferes, other 
things being equal, with the completeness of saponification. 

Proportion ,of Stock and Lye.—Emj)irical formuhe for cold- 
process soap arc basc'd on the percentage of alkali absorbed by the 
respective ingredients and Vy the [)ro[)orlion of water it is desired to 
be retained by the soaj). As fats and oils are varying mixtures of 
glycerides of different alkali absor[)lion, and as commercial caustic 
soda is of varying degree of purity, accuracy of ])roi)ortions of stock 
and lye is almost impossible. The proj)ortions of stock and lye are 
likewise affected by the amount of filling added, if any—usually 
sodium silicate. As the <lifrercnt percentages of absorption of alkali 
of different grades by various fats and oils have been previously dis¬ 
cussed, we need be concerned here with only the })roportions ob¬ 
taining in ])ractical work. 

In the following table is given the percentage of chemically pure 
caustic absorbed by the stock commonly used for cold-j)rocess soap, 
which is sufficiently accurate for the purj)ose of deriving formulte: 


S(()( k. J\t ('( III NiiOH. TVr Cent KOll. 

Cocoanut-oil. 17.5 17.7 24.6-24.8 

Tallow. T5.7-T4.T 19.3-19.8 

Cotton-oil. 13.6-14.0 19.1-19.6 


In order to obtain a soaj) of satisfactory firmness the density of 
lye and the jiroportion used should be such that the resulting soap 
does not contain an excessive iiercentage of water. It is a common 
practical rule that the weight of lye .should be 50 ])er cent of the 
weight of stock. 'Phe clensity of the lye will dejiend upon the stock 
and the weight of water it is desired to retain. It happens that in 
jnire caustic-soda solution of 40° Ifo. there is twice the ])crcentage of 
caustic alkali that is absorbed by too ])ounds of cocoanut-oil; so with 
100 yxiunds of cocoanut-oil and 50 jiounds of 40° Be. caustic-soda 
.solution, the .saturation is theoretically comiilete. But with lye of 
this density liest results are not secured, so a requisite amount of 
water must be added^ or, which is equivalent, the density of the lye 
must be correspondingly reduced. 
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The derivation of a)ld-))ro(ess formuhe cannot be better illus¬ 
trated than to analyze a ])raclical one. The following formula is 
one for a high-grade cold process toilet-soap of wide repute: 

Cochin cocoanut-oil. 600 ])ounds. 

Caustic-soda lye 38° be. 315 ‘‘ 

Mineral soa]) stock. 6 “ 

LVrfume. 2 ‘‘ 

Estimating on the basis of pure caustic-soda solution, 315 ])ounds 
of 38° lye contain 102.28 pounds of caustic soda, while 105 
pounds are required to ('()m])letely sa])onify the oil. For a mild 
cold-])rocess soaj) this deficiency is an advantage. 

If it be desired to know the weight of 36° Ik^ lye required to 
saj)onify 600 ])Ounds of cocoanut-oil, the following procedure suirices: 

600 ])ounds cocoanut-oilX17.52 ])er cent NaOH - J05 pounds Na( )H. 
36° Be. lye contains 2().q3 ])er cent Na( )H. 

105-;-.2093--350 3^° Ee. lye recpiired. 

If it be desired to know the ])ercentage of water in a soaj) made 
from ()oo ])ounds of cocoanut oil and 350 pounds 36° Jk^ Ive, the 
following procedure suffices: 

350 lbs. 36° Ikk lye contain 105 lbs. XaOlT. 

350 “ 36° Be. lye —105 lbs. XaOH -245 ll)s. water. 

245 ;-y45--26 per cent water. 

The percentage of sodium hydrate is absolute; the percentage 
of water in the finished soa]) is increased by increasing the volume 
of lye and simultaneously diminishing its densitv. d'hus 

600 lbs. cocoanut-f)il reijuire 300 lbs. 40° Ik. Ive. 

600 “ “ “ 325 “ 38° Be. “ 

600 “ “ “ 350 “ 3h° Be. “ 

If'it be desired to know the weight of 36° Be. lye re(]uired to 
saponify 600 ])ounds of mixed stock containing 80 ])er cent tallow 
and 20 per cent cocoanut-oil, the following i>roce(lure sufl'ices. 
Mixed stock 600 pounds: 
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Tallow.. .480 lb.sXi4 per cent NaOH =67.2 lbs. NaOH 

Oil.120 “ X 17.5 per cent NaOH = 21.0 “ NaOH 

600 lbs. mixed stock require 88.2 lbs. NaOH 

36° Be. lye contains 2Q.p3 per cent NaOH. 

88.2 2993^293 lbs. 36° Be. lye required. 

There are numerous empirical rules for the proportion of stock 
and lye the accuracy of wlwch in every case should be determined 
by calculation before use. Some t)f these for unfilled soaji may be. 
mentioned. For loo jiounds cocoanut-oil 53.5 jxmnds 37° Be. lye 
or 50 pounds 38° Be. lye; for 50 jiounds coeoaniit-oil and 50 pound? 
tallow, 50 Jiounds 37° Be. lye. 

If it be desired to reduce 500 jiound.s of 40° Be. lye to 36° Be., 
the followinj; jirocedure- sull'ices: 

40° Be. lye contains 34.96 jith' cent NaOH, or 174.8 lbs. NaOH. 

36° Be. lye contains 21^93 per cent NaOH. 

174.8 .2993 ^ 582.7 lbs. 36° Be. lye. 

5S2.7 — 500--82.7 lbs. H2O re(|uired to be added. 

I'\)r <j;eneral work the most .satisfactory density of the caustic 
lye is 30° to 38° Be. In the jirejiaration of concentrated caustic lye 
much lu-at is evolved by solution of the .solid caustic in water. 
'I’his condition must be taken into consideration in determining the 
density, for a hot lye of 38° Be. will increase to about 42° Be. when 
cold. Exjierience will determine the ijuantity of caustic and water 
required to yield a given volume of lye of the desired density. 
lye indicating a density of 35° Be. while hot will indicate about 
38° Be. when cold. 

Filling.—T he compound most commonly usexi for this purpose 
is sodium silicate. It may be added in any amount uj> to loo jier 
cent of the glyceride stock with advantage in so far as the ajijiear- 
ance of the finished .soaj) is concerned, but on aging the .soaj) be¬ 
comes stonelike in consistency and dissolves with extreme slow'- 
ness with corrcsj)onding reduction of detergent j)ower. Such .soaj) 
is best aj)j)lied by reducing to chijj.s and boiling them \vith the 
articles to be cleansed. As will be indicated by the formula?, the addi¬ 
tion of sodium silicate in considerable amount requires the additign 
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of more caustic lye than is called for by the stock used. The excess 
of caustic lye is absorbed to a large extent by the sodium silicate. 
In cold-process soap made from cocoanut-oil alone, salt solution, 
or pickle, can be incorporated to a degree limited almost only by 
the conscience of the manufacturer. Such soap is justly condemned 
by all reputable manufacturers. Carbonates of soda and potash 
are available as filling material, but are undesirable owing to the 
tendency of soap containing them to effloresce and deteriorate in 
appearance. Any material, however available otherwise, that sacri¬ 
fices the clearness and Iransjiarency of the finished soap is likewise 
precluded from use as filling. 

Temperature.-“As it is dc'sired to obtain only that degree of 
fluidity which will permit of the most intimate admixture at the low¬ 
est temjieralure, the most suitable tcmjieralure is determined by the 
character of the stock, or stock mixture, the season, quantity of fill¬ 
ing, and lastly and most important and likewise variable, the judg¬ 
ment of the operator. With soaj) to which not over 10 jjer cent of fill¬ 
ing is added, the temjierature should not be less than 70°-80° Fahr. 
for cocoanut-oil, iio°-i20° h’ahr. for tallow, and ioo°-iio° Fahr. 
for a mixture of equal jiarts of cocoanut-oil and tallow. 'J'empera- 
tures higher than those staled are directly jirojiortional to the quan¬ 
tity of filling and in no case should exceed the heat required to main¬ 
tain the mixed ingredients in a fairly fluid state until the mass has 
been made thoroughly homogeneous. With an unduly high tem¬ 
perature, saponification ensues immediately on mixing, with the 
result that jiarticles of soap enclosing fat and lye are distributed 
throughout the mass and are diflicult to disintegrate. With stock 
containing fatty acids, this tendency is especially marked; hence 
with such stock, if used, a lower temperature than otherwise should 
be observed. With the frame-room at a fairly equable temperature 
throughout the year, no considerable change of temperature is neces¬ 
sary with the season beyond what is necessary to maintain the de- 
.sired fluidity of the stock. The caustic lye and filling, added cither 
successively or in admixture, should be at the temperature of the 
room. 

Mixing .—The essential and fundamental condition preparatory 
to the period during which saponification takes place is thorough 
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and rapid mixing of slock, lyc, and filling. It is not desired to effect 
saponification during mixing more than to induce it and to introduce 
conditions favorable to its continuance and completion in the frame. 
Mixing may be done in the frame* liy the use of a hand-crutch, or it 
may be effected likewise by stirrers driven by bell, anti which may be 
elevated and loweretl as desired. The most common method is by 
use of ])ower-flriven cnitchers. 

Hand-crutched Cold-process Soap. —'Phe following formiilrc and 
method of ojieration are suited^to small-scale manufacture of a filled 
white cold-jirocess laundry soaj). Simjile and inexpensive etpiip- 
ment is required, the general outfit rejiresenting the minimum outlay 
of capital necessary in soap-manufacture. 




No. 1. 



No. 2. 



75 

lbs. 

t.'lllovv, 


75 

tallow. 



25 

i < 

(otoariul-oil 

((Vylon), 

25 “ 

cocoanul-oil 

(Ceylon), 

75 - 

c t 

« austic -s»«la 

lyc, 

1 70 “ 

caustii -scKla 

lye, 




of 7. 

jOq laiislii, 

1 

1 

mad** t)f 7. 


■austic. 

125 

< 4 

“N” .iluatr 

of soda, 

100 “ 

“N” silicate- 

of S' 

oda, 

20 

t 4 

]ti‘arl-ash lyr 

, lb, 

17 “ 

]»('arl-ash lyc' 


K, 

320 

< t 

SO.l]). 


2S7 “ 

soap. 




Wt'igh out the jiroportion of tallow and cocoanut-oil required for 
a frame of soa}) into a light frame. Weigh out the quantity of caustic- 
soda lye required intt) a sejiarate vessel. Also weigh out the propor¬ 
tion of silicate needed into another vessel; also weigh out the pearl- 
ash or soda-ash lye wanted, which can be mixed with the silicate. 

When all is ri-ady for mixing, the tallow and cocoanut-oil in the 
frame must be at a temperature of 145° to 150° Fahr. in cold weather, 
and 125° to 130° Fahr. in warm weather—the lye and silicate both to be 
at the normal temjjcrature of the factory. When the temperature is as 
stated, run the lye alone into the tallow and cocoanut-oil in the frame 
quickly, crulching rajiidly from the bottom of the frame all the time. 
After the lye is all in, continue crutching rapidly till the soap begins to 
thicken up. Now run in the .silicate and pearl-ash or .soda-ash lyc 
quickly, crutching rapidly. As the silicate mixes with the soap, the 
whole will thin out. After the silicate and pearl-ash lye are in, con¬ 
tinue crulching. In a few minutes the whole will gradually turn 
creamy. As soon as the .soap becomes so thick or creamy that a 
mark made on the surface of the soap will remain, it is finished; take 



COLD-PROCESS AND SEMI-BOILED SOAP. 249 

out the crutches, cover up the frame, and do not move or disturb 
the frame until the soap is cold. Any perfume used must be added 
while crutching in the silicate. 

If the frame must be moved from where the s()ap is made, move 
it quickly before the sili('a1e is added; then arid the silicate at once 
and finish the soap as dir(‘ct(‘d. 

This is e.ssentially a quick pnne.ss—(werything must* be done 
quickly. For a looo jxmnd frame, the lye must be run into the 



soap-stock in from 90 to 120 seconds- the silicate about the same. 
Crutching must be done quickly and the o[)erator must reach to the 
bottom at each stroke—work two crutches. Never stop crutching 
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from start to finish. The time for making the frame (if the tem¬ 
peratures are right) is from 12 to 16 minutes. Oreat care must be 
taken not to crutch too long. 'J'o insure a smooth soai), stoj) as soon 
as a mark made on surface of soap will rc-main. Unvder no circum¬ 
stances move or shake the finished frame of soap until cold. 

Apparatus.—The factory equij)ment, Figs. t 21 and 122, required 
for cold-process soap-manufacture is the simj)lest and least expensive. 
It calls first for storage-tanks for tallow an^d oil, :ind a lye tank in which 



Fig. 123.—Cold-prorcss Soap-mixer. 


caustic lye is reduced to the desired density. These ingredients may be 
run by gravity t ither directly to the crutcher, the weight used being in¬ 
dicated by the degree of subsidence in the storage-tanks, or first to a 
tank mounted on scales, where they are accurately weighc'd and 
thence to the crutcher. To facilitate handling, the silicate should 
be emptied from barrels into a storage-tank so situaterl that it may 
run by giavity either to the scale tank or directly to the crutcher. 

It is desirable that die various tanks be so situated that the ma¬ 
terials may be handled entirely by gravity. 7 'he character and ar- 
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rangemcnt o/ Iho apparalus (llffcr greatly in dilTcrcnl plants. Where 
soap of this grade is made only oceasionally the aiipliances of the 
regular soap-crutehcr may .satisfy every requirement. With a large 





-V css .>oap*. 

output of rold-i)roee.ss soap, the most satisfactory results are secured 

5 ii*r’'i-'operator with every mechanical convenience that 
wilUacihlate the work and insure unifonnily of conditions. 

e regular soap-crulcher, described elsewhere, is most commonly 
used for m,.v,ng the ingredients. Whether this be steam-jacketed or 
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of any particular ty])c is largely a matter of personal preference, the 
chief desideratum being a thorough admixture of the contents. With 
a steam-jacket, however, it is often ]x)ssil)le to correct any fault or 
to induce anv desired thermal condition. Ty])es of mixers for cold- 
process soaj) are shown in Figs. 123, 124, and 125 in addition to 
those jireviously described for ordinary soajj crulchi.ng. 

In working on a large scale, a huge crutcher, built on the Strun/. 
ty])d, with a ca])acity of 10 to 1 2 frames„may be used. 

Referring to the tyiies of mixers adapted for small batches 
shown in Figs. 124 and 125. it is seen that the agitating device 



I'’l0. I’v—Col{l-])roc'e.ss S()a])'inixcT. 

may be elevated or lowered at will, thus ])ermitting it to be raised 
out of llu' k(“ttle or swung to one side, so that the kettle may be used 
as an ordinary k(‘ttle if desired. 

Mixing.- —The re(|uired weight of stock for a single charge or 
frame having been determined either by volume or by weighing, it 
is run into the crutcher and the agitator startc'd. At the same lime 
the lye and idling are added. Whether they are mixed or added 
.successively is determined by the experience and judgment of the 
operator. Crutching is continued until the ma.ss thickens and a jior- 
tion removed on a trowel ajjjiears clear and smooth and free from 
blotches and a mark made on the surface of the soaj) will remain. 
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The perfume may be added just previous to framing. There is 
much diversity of oi)inion and practice as to the addition of filling, 
which with the product of reputable manufacturers is exclusively 
sodium silicate. Equally good results are obtained cither by adding 
it with the lye or just after the mixture of stock and lye has begun 
to thicken; hoWever, the concensus of opinion is.in favor of the former 
method. Exjicrience alone must determine the proper consistency 
of the mass in the crutchef before framing. It is often difficult to 
explain the cause of unsatisfac'tory results, for even with the utmost 
apparent uniformity of operation, separation of ingredients in the 
frame often occurs. This separation may arise from a variety of 
causes, chief of which are crutching too hoi or too cold, insufficient 
or excessive mixing, delayed framing, or cooling the framed soaf) too 
quickly. 

Combination in the Frame-.—Cocoanut oil in saponifying evolves 
considerable heat, and it is desired that the maximum spontaneous 
heating .should be attained, for thereby saponification is rendered 
more complete. After this maximum heating the soaj> is ready for 
stripping when sufficiently cool and firm. The ordinary soap frame 
is commonly used; to prevent ex('essive loss of heat by radiation, 
the frames may either be covered with bagging or stored in a warm 
place. Various lyi)es and sizes of wooden frames are used; wood, 
being a poor conductor, retains the natural heat. Jiut little experi¬ 
ence in the operation of tlu* cold jirocess is refiuircd to determine 
conditions productive of the mf)st satisfactory results, and freciuently 
these results, both good and bad, when obtained, bailie explana¬ 
tion. 

Laundry Chipped Soap.—'Ehe cold jirocess is used to a large 
extent for the manufacture of soap to be chij)pcd for use in steam 
laundries. The following formula is for a neutral chip .soap: 

Tallow. 2()4 pounds. 

Cocoanut-oil. 70 “ 

Silicate of soda. 184 “ 

36° Be. caustic, 74°. 200 ‘ ‘ 

The following formula is for a cheaper grade containing an 
excess of strength: 
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Tallow. 

Cocoanut-oil. 

28° He. caustic, 74°, 
Silicate of soda. ..., 


310 pounds. 


20 


( i 


350 

36 


(( 

(( 


The /ollowin" formula provides for 100 per cent of silicate of 
soda on the basis of the glyceride stock and produces an excellent 
soap’of this grade: 


Tallow.:. 228 pounds, 

Cocoanut-oil. 56 “ 

36° He. caustic, 74°. 216 “ 

Silicate of soda. 284 “ 


For a white laundry soaj) or soap chi])s the following formula 
has been found to give good satisfaction: 

Trime tallow. 235.1 pounds. 

Ceylon cocoanut-oil. 50 “ 

Silicate of soda. 137 “ 

37° He. caustic. 183J “ 

Mineral soa])-stock. 20 “ 

Temperature 130° Fahr. for tallow* and oil. 

The j)r()})ortion of cocoanut oil may be increased if desired and 
the amount of tallow used decreased. 

Silicate and lye are mixed together. 

An excellent base for soap chij)s can be made in accordance with 
the following formula: 

Tallow. 

Cottonseed-oil. 

Cocoanut-oil. 

Caustic-.soda lye, 35° He.. 

Caustic-i)otash lye, 35° He 
“N” silicate.. 

Melt the stock and add it to crutchcr at 135° Fahr. While in 
agitation, add lye and silicate simultaneously. After the soap has 


500 pounds. 

50 

50 

350 

40 

300 “ 
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thickened and appears smooth and lustrous on the paddle, it is 
ready for framing. Grease may be su))stituted for a portion of 
the tallow, but only at a sacrifice of bright color of the chips. 

For a white soap the following formula is recommended: 

Tallow.pounds. 

Cocoanut-oil. 5 

35° Be. caustic. 65 “ 

Silicate of soda. 50 “ 

Tallow and oil are melted and mixed at tt 2 °-it 8 ° Fahr. in sum¬ 
mer and at t 20°-125° Fahr. in winter. In summer lye and silicate 
of soda may be mixed at room temjxTature, but in winter it is n'com- 
mended that the mixture be heated to 130° Fahr. Add lye and 
filling to the mixed sto'ck while the latter is in a slate of agitation 
and continue crutching until the mass becomes firm enough to retain 
an impression. The large proportion of silicate of soda in this for¬ 
mula serves to absorb the excess strength. The formula may be 
modified to jiroducc a cheaper article by substituting white grease 
in judicious jirojiortions for an eiiuivalent weight of tallow. 

Chipping Soap. —^-Vfter the maximum healing has been attained 
cold-process .soap is ready to stri]i as soon as firm enough to stand. 
For chipjiing the soaj) is slabbed and cut into bars in lengths eijual 
to the width of the frame. For this .sliajie tlu* second cutting-head 
of the cutting-table answers. After dr}’ing the bars are ready to 
be chij){)ed. The iirincijile of the soaji chipper is seen in the type 
shown in Fig. 126. The knives are adjuslalde, so that the soap 
may be reduced to chips of any desired thickness. In Fig. 127 is 
shown a chipper with knives arranged horizontally and designed 
for the chipping of long bars which are jilaced by the attendant in 
the cylindrical hojijier surmounting the knives. In Fig. 128 is shown 
in cross sertion a continuous chipping and drying device adapted to 
large-scale jiroduction. 

Attention is directed to this device for the reason that it repre¬ 
sents an intermediate .stage in the sim])liftcalion of the manufactur¬ 
ing procc.ss which finds its ])re.sent culmination in the con¬ 
tinuous crusher anil dryer described on page 436. .\tiention at 
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this place is directed to the latter device for the reason that its use 
represents the highest possible economy in the manufacture of 
chip soap. 



FiCf. 126.— l ypi' Soa])-( hipiiiT. 


The chipper and continuous-drying device shown in principle 
in Fig. 128 is seen to consist essentially of a series of horizontal 
belt carriers made of wire netting enclosed in a case into which 
hot air is projected, as shown on the right, for drying the chipped 
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soap convoyed tiiorcon. On the left is sliown a smaller fan for intro¬ 
ducing cold air for cooling tlic chipped soap so that it may be ready 
for packing into barrels when dischargerl from the case. In this 
explanatory diagram the chipi)er surmounts the drying-chamber into, 
and on to the topmost carrier of, which il discharges the chips. The 
chi])s are carried from left to right and, vice versa, from above down¬ 
ward and undergo a continuous drying ])rocess, meeting finally at the 
bottom a draft of cold air which effectually cools them and counteracts 



Fici. 127.—Slal)-ihij)p(T. 


th(‘ lenrlencv to sweat wlien tightly jiacked in barrels. The drying- 
chamber and movable parts are constructed throughout of metal. 

Cold-process Soap from Fatty Acids.—Place the caustic lye in 
the crutcher. Set the crutcher in motion and then add the melted 
fatty acids in a fairly rapid stream, so that the entire charge 
of the fatly acids will be adfled in the course of two or three 
minutes. A partial union of fatty acids and caustic takes place at 
once, but the- soap remains thin and with a slightly open aiijiearance 
for from 5 to 10 minutes, after which it thickens and looks close 
and smooth. If filling is to be used it should be added at this point 
if the temperature does not exceed 150° J'ahr. The length of time 
the soap .should be crutched after thickening and having the filler 
well mixed through, if a filled soap, will depend on the kind of 
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soap desired; such other variable circumstances as speed of 
crutcher, etc., can be Ijest determined by a few runs in each par¬ 
ticular case. As a general tliin^ the soa]) should be dropped from 
3.5 to 30 minutes after all the fatty acids have l)cen introduced. A 
jacketed crutcher should be used and the temperature of the lye 
and fattv acids, as well as that of the finished .soyp, will depend 
upon the kind of soap being made, and can also be.st be determined 
by a' few run, in each case, k'nim 140 ty 160° Fahr. will probably be 



the best temyierature at which to droji the finished soap as a general 
thing. This would require a somewhat lower tcm])erature of the lye 
and stock before mixing. If rosin is used in such a soap it should 
be melted in the fat mixture before running into the crutcher. 

Cold-process Toilet-soap.—I'he incomiilete combination of the 
ingredients of cold-process soap, whereby free fat and free alkali exist 
side by side, unfit this process for the production of high-grade toilet- 
soap, yet much soap for toilet purposes is made by the cold process. 
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For soap of this quality only Cochin cocoanut-oil and edible tallow 
should be used, thereby securing the highest practicable neutrality; 
also, lye made from high-grade caustic is necessary. The same pro- 
edure is followed as with cold-])r()cess soaj) for industrial and domes¬ 
tic use. 'J'he better the stock and the greater the care used, the finer 
is the ])roduct. For a jmre cocoanut-oil soap the general rule, that 
caustic lye of 38° Be. to the extent of 50 jier cent of the weight of oil 
be used, should be followed. As has lieen already shown, this pro¬ 
portion leaves an excess of frev oil if all the caustic be absorbed. 
This will yield a smooth, semi-transiiarent, jirofusely lathering soap, 
but which invariably will show ranciility on aging. 

By substituting tallow for a jiortion of the cocoanut-oil in accord¬ 
ance with the following formula, 


Tallow. 

Cocoanut-oil. 

Caustic lye, 37° Be* 


80 pounds 


120 

TOO 


4 ( 
i 4 


the washing ])ro])erties of the soa]) will be modified to advantage. 
The perfume shoukl be added just before framing if a power crutcher 
is used; if made in small wooden frames, at the last stage; of the 
crutching and thoroughly worked through. If the soaj) is colored 
com])letely, the dye should be mixed with the stock, with which all 
organic cokiring-matters suitable for soap of this (quality will readily 
amalgamate. The dye should be thoroughly reduced by grinding in 
water or oil and strained to avoid introflucing any ])articles whereby 
s])ecks or blotches would be jiroduced. To jiroduce an artificial 
mottle or marbled a])])earance, the dye should be added in requisite 
amount after the inctirporation of the perfume and worked through 
only to the degree that it is disseminak'd throughout the mass of soap 
in streaks. For this jiurpose water-soluble dyes should be avoided, 
as they disseminate too readily. Insoluble mineral dyes are prefer¬ 
able, as Venetian red, the various ultramarine's, chrome green, etc. 
All dyes eif whatever origin acted u])on by alkali should be avoided. 
For coloring soap many dyes—fast, harmless, and alkali proof—of 
coal-tar origin are available. In using dyes, care must be observed 
to avoid such an excess as would stain the hands or discolor the 
lather on using the product. 
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The production of so-called lar soap Ijy the cold process, charac¬ 
terized by a distinctive odor and a brown color when fresh and black 
on aging, is elTecled by amalgamating with the stock before the ad¬ 
dition of lye the requisite amount of pine lar. 

Although cold-process toilet-soaj) enjoys a certain sale, its use has 
been largely disjdaced by the more attractive, cheai)er, neutral, and 
more generally satisfactory milled variety. 

Utiiization of Scraps from Cold-process Soap.—'J'he utilization 
of scraj) is a problem varying in importance with the volume of cold- 
process soa]) made and with the'variety of soap-manufacturing ])roc- 
esses carried on. Where white floating soap is made, white cold- 
process scraj)s may be added to the kettle charge of boiled soap; or 
thev mav be added to the kettle charge of rosined soap and rosined 
u]) to the recjuired ]>ro|)ortion. Where the scra])s are dec'j)!}' colored, 
as with lar soaj), they may be allowed to accumulate until there is 
suflicient limount to remell ak)ne and frame. For this ])ur])ose an 
ordinary remelter, elsewhere described, may be used. This ])ro- 
cedure, however, is troublesome, as the discoloration and tulor atfect 
subse(juent additions of dilTerent soap unless the remelter is thor¬ 
oughly cleaned. Again, the texture of soap thus treated is not as 


desirable as that of the original soap. 

'I'he utilization of while cold ])rocess scraps ])resents no dirflculty. 
They may be remelted alone in a steam-jacketed kettle ])rovi(led with 
an o])en ste.am-pij)e, either with or without the addition of fresh 


stock and lye, and after crutching framed for use as a base for chip 
soa]). The following formula ])r()vides for a frame charge of scrap, 
fresh stock, and lye and silicate. 'Fhe ])ro])orlions of tallow, cocoa- 
nut-oil, lye, and silicate may be the same* as for the original soap, and 
may be varied in cjuantity in accordance with the amount of scrap. 


White cold-])rocess scraj). 750 i)ounds 

Tallow. 114 “ 

Cocoanut oil. 28 “ 

36° Be. caustic. 125 “ 

Silicate. 125 

Final Considerations. — Cold-process soap has a characteristic, 
compact texture, and retains its shape longer and deteriorates less in 
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appearance on aging than does a settled soap. By the use of a pro¬ 
portion of caustic potash in saponification a marked improvement in 
the product is possible, the soap being milder, of finer texture, and 
of sujierior general appearance. As more caustic potash than caustic 
soda is required for sajionification, a given quantity of the latter may 
be transformed ^into an eijuivalent amount of the former by multi¬ 
plying the absolute amount of caustic soda by 1.4, this factor ex¬ 
pressing the ratio of the combining weights of the two alkalis. . 

The cold jiroccss jiossesscs numerous advantages, chief of which 
are the low cost and simplicity of manufacturing plant, whereby fixed 
charges become almost inconsiderable with steady output of product, 
ease and rajiidity of manufacture, whereby the volume of output may 
be adjusted quickly to the demand, and the higher degree of sophisti¬ 
cation and greater yield than are jiossible with hard soafis yielded by 
either the semi-boiled or settled jirocesses. The only disadvantage of 
the cold process is the invariable incompleteness of saponification, 
which restricts an almost idt‘ally eOicient manufacturing jirc'cess to a 
ver}' limited fieUl. Where cold-jirocess soap is used in considerable 
amount, the advisability of recovering the glycerin which is retained 
by the soa]) will always warrant consideration. The recovery of the 
glycerin, however, is possible only with a change of the process of 
manufacture. 

Modified Cold Process. —As the manufacture of soap by the cold 
jirocess j)ossesses many advantages from the standpoint of economy 
of production, any modification of the yirocess whereby mixtures of 
fats and oils and alkali are made to combine at a higher temperature 
would not only extend its field of usefulne.ss but would permit of 
a more satisfactory product. change of this character, although it 
docs not arise to the distinction of a modification, for the essential 
principle's and procedure remain jiractically the same, lies in effect¬ 
ing combination at a higher temyierature and under conditions that 
differ with different kinds of soap. In the cold process, as com¬ 
monly understood, it is endeavored to effect in the crutcher merely 
a thorough incvirporation of the ingredients, and when done, the soap 
is framed and sayionification with spontaneous healing is allowed to 
ensue. Under the conditions of the change stated the original temper¬ 
ature of the stock is from 140° to 160° Fahr., and the mass is retained in 
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the crulchcr and manipulalt'd until after the period of spontaneous 
heating which ensues in the cold process in the frame. While more 
time is consumed in the prci)aration of each frame of soap, a certain 
satisfaction accrues to the o])cralor in being able to control the reaction 
at will, instead of allowing it to j)roceed with uncertain results in the 
frame. The various cold-process formuljc are applicable under the 
conditions of higher lem])eraturc obtaining in this method. 

Toilet-soap.—The following formula and procedure have been 
recommended for a cheap toilet-soap. 

Formula. 


Tallow, edible. ... 
Cochin cocoanut-oil 
36° Be. caustic, 74°, 


450 ]X)unds I 


50 

?oo 


- Heat to 140° Fahr. 


i i 


Procedure .—Add the tallow and cocoanul-oil to a jacketed 
crutcher and heat the mixture to 140° Fahr. .Add 36° Be. lye, 
with crutching, and as soon as the mass begins to thicken, cover 
the crutching to prevent loss of heat and allow it to stand for one 
hour; then crutch the mass for ten minutes and again cover, allow¬ 
ing the soaj) to stand two hours longer, during which time saponi¬ 
fication ensues. In the meantime make the following compound: 
Heat uj) 30 pounds of oil to 120° Fahr. and thoroughly mix 30 pounds 
of potash solution 36° Be. and 30 pounds of soda-ash solution 36° 
Be., after which add a sugar solution made from q ])ounds of granu¬ 
lated sugar and 13 jxninds of hot water. After thorough admixture 
of this comjxiund, it is added to the crutcher and thoroughly incor¬ 
porated. Any desired perfume may now be added and crutching 
continued until the soaj) ajijiears smooth and thick. The soaj) is 
then ready to f ame with the usual jirecautions. The filling may 
hi'- m(xlified or omitted as desired. 'I'he following formulae may 
be used for the same jiurposc and with the same general treatment: 


No. I. 

Poumls. 


Tallow. 440 

CcK:oanut-oil. 60 


34° Be. caustic-sod a lye_220 

30° Be. caustic-potash lye... 60 


No. 2. 

Pounds. 


Tallow. 350 

Cocoanut-oil. 200 

Castor-oil. 50 

36° Be. caustic-soda lye.3 Cxd 
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Use of Rosin.—I'hc natural consistency of rosin does not adapt 
it for use directly in the cold process; neither is it suitable when 
melted, for its presence in admixture with glyceride stock exercises 
the same influence as an excessive amount of free fatty acids in a 
fat or oil. By the complete saturation of rosin with alkali in the 

soap-kettle, it iS made available for use as “rosin compounej.” in the 

« 

modified cold process for the manufacture of chcaj) laundry soap. 
The rosin compound may be made by the direct saturation of rosin' 
with 20° Be. lye. When the rosin is completely killed the rosin 
soaj) may be allowed to settle and used as required. By combin¬ 
ing a certain projiortion of tallow or grease with the rosin the whole 
may be grained and subseciuently closed, and thereby to a degree 
])urilied. Any (juantity of slock may be jirejiared in this manner 
and used as dc'sired. • 

In the manufacture of laundry soa]) of this character the prop¬ 
erly of starch to form a gelatinous mass when boiled with caustic 
lye may be taken advantage of to form a binding agent. With 
the use of this agent and sodium silicate and a stock base made of 
rosin compound, fresh stock, and lye, laundry of good initial appear¬ 
ance and high detergency may be made at low cost. The use of 
a large amount of alkaline filling renders the ])resence of a binding 
agent necessary. A jiowerful crutcher should be used. In carry¬ 
ing out the jirocess the reijuired weight of stock and rosin com- 
])ound are added to the crutcher. The caustic lye and silicate are 
then added and thoroughly mixed. Se])aration of ingredients is 
checked by the addition of starch or mineral soap-stock. 

Tar Soap.—Tar soap takes its name from the addition of ])ine 
tar, which is obtained by the destructive distillation of pine wood. 
It jiossesses marked disinfectant properties, which are generally 
ascribed to the soap containing it and which are due to the iiresencc 
of phenol and its homologues, cresol and guaiacol. Organic acids, 
notably acetic, are present in considerable amount. The com¬ 
pounds mentioned combine readily with alkali, which explains the 
alkali-absorption property of this material as observed in the kettle. 
It is generally required of a tar soap that it be of dark color, smooth, 
of glossy finish, of lough texture and pronounced odor of pine tar 
and of quick-lathering properties. The amount of pine tar used 
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is extremely variable, ranging from 5 to 25 per cent in the more 
popular brands. The freshly made soa]) is brown, even if it con¬ 
tain 25 j)er cent of tar, the rapidity with which it turns black on 
exj)osure depending upon the j)ro])ortion of tar used. The cura¬ 
tive ])ro])erties of tar soaj), as well as those generally attributed to 
the so-called medicated soa])s, will receive sej)aralc discu.ssion on 
a subsequent page. 'Tar soa]) may be made by the cold ])roccss, 
or, ^^'ith much greater ease, by the sim])le addition of the tar, neu¬ 
tralized with alkali, during crutching, to either a semi-boiled or 
grained soaj). With the use of the acid, unneutralized tar it is 
sometimes the })ractice to kill it with the stf)ck in the kettle in the 
manufacture of straight semi-boiled soa]), to be sold as such or 
to be used as a base for milled soa]). Cocoanut-oil imparts the 
quick-lathering ])ro])erties and may be used in any proportion from 
25 to 50 ])er cent with tallow. The advantage of the use of rosin 
in soa]) of this character readily suggests itself. Such soa]) is a 
good rece])lacle for soa]) scra])s of any ((uality or color, although 
the ])ro])<)rlion worked uj) must not be sufl'icient to modify the 
character of the soaj) desired. The use of sodium silicate is recom¬ 
mended; soda ash must be used s])aringly, if at all, to avoid efflo¬ 
rescence. 

The intensity of color and odor of tar soap may be varied by 
either varying the ])r()])ortion of tar used or by using any desired 
quantity of the soluble aniline blacks suitable for this ])urpose. The 
alkaline absor])tion of pine tar, while ^■ariable, is considerable. 

Formula. 

Cocoanut-oil.. 

Tallow. 

Pine tar.. 

36° Be caustic. 

Silicate of .soda. 

Pearl-ash lye, 36° Be 

With scraps on hand 200 pounds may be added to the above mixture. 

Procedure .—Heat the mixed stock and pine tar to 180° Fahr. 
When scraps are u.sed, add them to this mixture, and when melted, 
add to the mixture, already in the crutcher, the mixed lye and sili- 


300 pounds 
'?oo 

80 “ 

375 “ 

40 “ 

10 ** 









COLD-PROCBSS AND SEMI-BOILED. SOAP. 


265 


calc. Crulcli the mass for about five minutes and allow it to stand 
for an hour, then rei)eat the crulching until the whole is combined. 
Add the jjotash lye and crutch until tlie soap becomes smooth and 
thick, when it is ready to frame. 

While a fairly satisfactor\’ tar soap can be made by the cold process, 
the best results, with this grade of soap are obtained by milling. 
The j)rei)aralion of the; soap base and the milling ])rocess arc de¬ 
scribed later. The incor])oration of tar in the crutching jirocess 
involves no difficulty other than the necessity for the thorough 
cleansing of the crutcher before using it for other purposes. The 
proj)ortion of tar used de])en(ls u])on the intensity of odor and color 
desired; the ])e.rmanency of the latter characteristic may be insured 
by the use of soluble aniline l)lacks as slated. 'Fhe i)r()]K)rlion of 
tar t)r color in no ca,se should be so excessive as to strongly color 
the lather. 'J'he pre])aration of colorless products of the destructive 
distillation of the pine ])ossessing the characteristic odor admit of a 
“white” tar soajj. 

A writer in the American Soap Journal gives the following direc¬ 
tions for th(‘ manufacture' of tar soap by the si-mi boiled ])rocess: 

“'I'o make a good article of this soa]) is not such an easy matter 
as would apj)ear at first sight. A great many of the tar .soa])s in 
th(‘ market are milled soa|)s, and as such are beyond our means to 
go to such an ex])ense for machinery. 

“Now, if we can turn e)Ut a soaj) that w'ill lather quick, look dark, 
glossv, and smooth and be tough, so that it will stand pressing into 
the round bar so generally ado])ted for this kind of soaj), we have 
got a boiled soap that the majority of mankind can’t tell from a 
millefl soaj), and something that will give the best satisfaction in 
the using of it. 

“It is not so much the amount of tar that gives it the dark, glossy 
look so much desired as the finish. Evi-n if large (|uanlities of tar 
are used, if not finished right, the soap will look brown in color. The 
way that I have found it best to work is like this: I will take (say 
for one frame) 300 j)ounds of tallow' and 30c jK)unds of cocoanul-oil, 
or 400 j)ounds of tallow and 200 ])ounds of cocoanut (less than this 
amount of cocoa 1 don’t approve of). Put in small kettle (w'ith dry 
coil in it) all the tallow and about half of the cocoanut-oil. Then com- 
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mcnce giving it lye at 8° to io° Be. until thoroughly joined. Then 
gradually increase the strength to 25°-30° Be. When saponified, it 
will be open and taste .sharp. Continue the boiling for a few min¬ 
utes. Then add about 6 gallons of pine tar. Having previously 
melted the cocoanut oil left out, commence feeding it slowly. As it 
takes up the strength the soap will assume a smooth, dark, and glossy 
appearance. Keej) adding the melted oil slowly, watching closely 
the soap for signs of thickening uji. Whi-n the strength is about all 
taken up and the soaj) tough, so that it won’t shp off the trowel but 
drop in a thick mass like thick molasses, it is ready to dij) out into 
the frame. (If by any chance it should thicken up before you are 
ready, a little strong lye 25°-28° Be. will thin it out, which strength 
must be taken out again.) It should thicken up in a short time in 
the frame; if it don’t you will have to crutch it until it is thick, so 
that it won’t settle any nigre. Tar soap made in this way w’ill give 
the best satisfaction. Tt will be smooth to the feel, glossy, and almost 
black in color, and will answer for all the purposes of milled soap, 
with not half the trouble to make it. It can be made in smaller or 
larger (juantities if desired, but one frame is what I have found best 
for our purposes. Good No. 2 tallow can be used if desired, also 
the Ceylon cocoanut-oil; cold-made soap scra])s, red and white 
Castile scraps, and cocoanut castile scrajis can all be worked in by 
putting them in early so that they have time to melt thoroughly 
before it is closed up. But don’t use too much silicate.” 

Transparent Soap.—The solubility of soap in alcohol and the trans- 
j)arency of the residue on the evaj)oralion of the soh’ent were early 
taken advantage of in the manufacture of trans])arenl soap, and for 
a long time the solution of well-made settled soaj) in alcohol remained 
the essential procedure for the manufacture of this grade of soap. 
This procedure yields the best results, but has long .since been dis¬ 
carded owing to the exj)ense, save in a few isolated cases of well- 
established brands. I n the cheaper jjrocesses used at the present time, 
alcohol may be simply added to the soaj), made either by the cold- 
or modified cold-process, at some jiarticular stage of the saponification. 
The ready solubility of soaji in alcohol facilitates saixmification. 
It was found that glycerin conduced to transparency, w’hich in ad¬ 
dition to its emollient properties led to its substitution for a portion 
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of the alcohol. Sugar solution in time* partially and finally com¬ 
pletely displaced glycerin, and in the course of the cheapening of 
the process it was found that satisfactory transparency could be 
produced by the use of sugar solution alone without the aid of alco¬ 
hol or glycerin. For producing the transparent effect it is generally 
believed that sugar solution is more efficient than glycerin, which, 
unless used with care, tends to make the soap sweat thfough its 
affinity for moisture. 

Ingredients.- soaf) demands the liest and purest 
mati'Hal and the complete sa])onification of the slock. With the 
exception of castor oil, stock for transparent .soap does not differ 
from that used for high-grade milled and floating soaps. The 
marked solubility of castor-oil and of its sodium salts in alcohol 
ada]>ts it well as an ingredient for soap of this character, and with 
its ihse le.ss of the slib.stances conducive* to transparency arc re¬ 
quired. Caustic-soda lye '.should be prepared from high-grade 
commercial caustic and be well .settled. Filling material, whether 
glycerin, sugar solution, or soda-ash solution, must be clear and 
colorless, and for light-colored soap care must be observed that the 
sugar solution is not daikened by undue exposure to heat. To 
produce a clear and transparent effect all insoluble matter must 
be* eliminated; this nece.s.sitalesu.se of the be.st and purest material. 
Cloudiness to a greater or less degree generally ensues on aging, 
even in the most skiltully made transparent soap. Its development 
in the finislu*d soaj) may be hastened by incomplete saponification 
e)f the stock, by crystallization of alkaline .salts used for the pur- 
j)ose of filling and to ovc*rcome the softening effects of sugar and 
glycerin, or by mineral impurities. 

The combination of glyceride stock for transparent .soap illus¬ 
trates well the blending of ]}roj)erties of individual fats and oil. 
Castor-oil imjiarts transparency to the finished product, cocoanut-oil 
ready solubility, and tallow firmness. These properties, however, 
are greatly modified by the jiroportion of filling used. 

Processes .—While the procedure of manufacture by the cheaper 
methods is that of the modified cold process, three general classes 
of processes may be distinguished, according to the nature of the 
material used to produce transparency, as follows: (t) Soap made 
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with alcohol and glycerin; (2) soap made with alcohol and sugar; 
(3) and soap made without alcohol. For these three general classes 
the same stock comj)osition may be used which will comprise in a 
broad w'ay equal parts of cocoanut oil and tallow with suflicient 
castor-oil to facilitate cominnation and to j)roduce the desired 
transparency. Whatever variation may be made in the propor¬ 
tion of tallow and ail, the j)roporlion of caustic-soda lye, usually 
38° Be., to the total weight of cocoanut-oil, tallow, and castoroil, 
remains ])ractically 50 ])er cent. 'Fhe following formuhe will serve 
to indicate the general variation in the j)ro]X)rtion of ingredients 
in transparent soap of the three classes. 'J'he proi)ortions through¬ 
out are by weight. 

(i) Transparent Soap with Alcohol and Glycerin. —^'I'he following 
formula* of this class produce* the best and most expensive soaj), 
but are of limited apj)lication owing to the high cost. The* large pro¬ 
portion (if alcohol and glycerin is suflicient to produce transparency 
without the aid of castor-oil. 


JiH'rodu'iil... 

I 

H. 


Lbs. i 

J.bs. 

Cocliin (<)(oanul-oil. 

100 

I 20 

Edible tallow or its CM|uiv.ilenl. 

TOO 

(>o 

Causlu Ive, JU'. 

JOO 

()0 

Alcohol, (>s per tent.. 

80 

()0 

(Jl}'( eriii. 

40 

bo 


(2) Transparent Soap with Ahohol and Sufj^ar. 


1 ii);reilu‘iits 

J. 

JI. 

111. 

iv^ 


LI IS. 

L1>s. 

Lbs. 

]>bs. 

('ochin cocoanut-oil. 

70 

70 

lOO 

100 

Edible tallow. 

40 

50 

100 

100 

Caslor-oil. 

30 

20 

30 

30 

Caustic Ive, ^8“ Me. 

70 

70 

ii'i 


Alcohol, ()5 ])er cent. 

40 

40 

100 

100 

Sugar in . 

60 

40 

2=; 

60 

Water. 

60 

30 

40 

75 


The proportion of soda-ash solution, 36° Be., reejuired to har¬ 
den the soaj) depends upon c<mditions and the judgment of the 
operator. 
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(3) Transparent Soap Without Alcohol .—As the proportions of 
alcohol and glycerin arc reduced to entire removal, the proportions 



of castor-oil and sugar solution are necessarily increased to effect 
the same transi)arency in the product. 


IriKri'ilii-nts. 


m. 


Cochin cocoiinut-oil. 

Frijlile tiillow. 

Castor-oil. 

C'austir lyc, 38“ lie. 

Sugar in . 

Water. 

Soda-ash solution, 36° lie. 


Llia. 

Lbs. 

Lbs. 

74 

jf) 

130 

( k > 

30 

‘47 

76 

37-5 

180 

108 

5(1 (35° Ut-.) 

2^51 ( 341 °) 

(X) 

25 

‘30 

64 

25 

130 

30 

10 

25 
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Procedure .—The mixed slock is mcltcci, settled, weighed, and 
carefully strained into a steam-jacketed crutcher and heated up 
to about 130° Fahr. The recjuisite amount of caustic lye at the 
temperature of the ro{)m and of the density that has been found to 
produce the best results, not varying much, however, from 38° Be., 
is added and thoroughly mixed. This procedure is after the gen¬ 
eral manner of working cold-])rocess soap. The mixture is now 
allowed to stand for an hour or more, the crutcher being covered 
to retain heat, during which linie the mass undergoes the spontaneous 
heating incident to saponification, the temperature rising to 180° 
Fahr. or more. The progress of spontaneous heating should be 
carefully observed by means of a thermometer. 

If the formula includes glycerin it should be added and mixed 
with the stock before the addition of caustic lye. If, after thorough 
mixing of the lye, saponification is for any reason retarded, steam 
should be carefully admitted to the jacket and the mass vigorously 
crulched until combination is induced. Steam is then shut off. 
If the formula includes alcohol it should be added after the addition 
and mixing of the caustic lye and previous to allowing the mixture 
to stand for spontaneous healing. 

In the meantime the sugar and soda-ash are dissolved in the 
required amount of water and the solution heated to about 180° 
Fahr. At the expiration of the period of spontaneous heating, 
determined by the thermometer indicating a permanent, maxi¬ 
mum temperature, crulching is begun and the solution prepared 
as before descril)ed is slowly added. I'hc mass in the crutcher is 
now reduced to a thin, syrujjy consistency. Any scrap on hand to 
be worked over may be added at this time. When the scrap has 
thoroughly amalgamated and the mass is homogeneous, crutching 
is discontinued and the crutcher covered and allowed to stand for 
at least two hours, during which time a froth, or fob, rises to the sur¬ 
face, which should be removed. Samples should now be taken. 
If conditions have been satisfactory, the samples when cold should 
cut up into perfectly transparent flakes, uniform in color and have 
no excessive alkaline taste. If the sample is firm but turbid, more 
sugar-and-soda solution is requireil, which should be added care¬ 
fully from time to lime, with continued crutching until the desired 
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transparency is attained. Extreme care should be exercised that 
an excess be not added. If the sample has the desired transparency, 
but lacks firmness and has a neutral taste, more caustic lye should 
be added, with the same jirccautions against excess. If the sample 
lacks firmness, but has the desired transparency and alkaline taste, 
an excess of watfr is present, which may be corrected by the addition 
of dry ash. An excess of alkaline carbonate dn the finished soap 
induces efflorescence. If from an excess of caustic lye or.car¬ 
bonate the soap should tend to separate or grain, cocoanut- or 
castor-oil should be carefully added until the soap is closed. Should 
ihc sample cool quickly and set stiff more water is needed. Incom¬ 
plete saponification, indicated by cither a sharp taste or soft and 
greasy feel, or both, can be corrected only after prolonged heating 
and crutching, and this always at a possible sacrifice of color. Sa¬ 
ponification should be complete before the sugar solution is incor¬ 
porated; any subsequent heating to correct a deficiency in this 
respect deteriorates more or less the color of the finished soap. 
With soap dyed a dark color this danger is of less consequence. 
With conditions satisfactory the soap is cooled to about 140° Fahr. 
and the dye added, dissolved first in hot water and strained, and 
thoroughly incorjioratcd with the soap. Crutching is continued 
until the .soai) is cooled to about 130° Fahr., when })erfume is added. 
The mass is now ready to frame. This should be done as quickly 
as possible, the soap being strained as it runs into the frame. To 
reduce the percentage of sera]) to a minimum and to obtain better 
resulls in pressing, the fluid soaj) may be run into elongated tins 
correspomling in cross-section to that of the dye. When cool the 
elongated bars may be easily removed and reduced by cutting to 
the desired thickness. 

After the soap is framed it should be allowed to cool quickly 
and to stand as long as possible before and after stripping, and 
after cutting prolonged drying under pro])er conditions before press¬ 
ing tends to im})rovc the a])])carance of the soaj). In cutting, allows 
ance should be made for shrinkage during drying, and also the cake- 
should be cut to conform as closely as possible to the dimensions 
of the die to avoid cracking during pressing. 
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Semi-boiled Soap. 

Semi-boiled Defined. —'I'hc term “semi-boiled” refers to a soap 
that has not been {^rained and that differs from a cold-process soap 
in that the combination of fat and alkali has been effected at a 
higher temperature and under conditions that admit of comj)letc 
saponification. The term refers to the })rocess as well as to the 
product made by the jirocess. The term “semi” has reference in 
a general way to the fact that soap of this class is not subjected to 
as prolonged, but not necessarily to a less thorough, boiling as occurs 
in the manufacture of grained, settled soaj>. Semi boiled soaj) })ar- 
takes of the general character of settled soap inasmuch as on the 
final change the soaj) is left in such a condition that a degree of purifi¬ 
cation is effected by the settling of a nigre. By basing a classification 
on the use of salt as a graining agent a sharj), jiractical distinction 
between the two classes of boiled soap may be made. As there has 
been no separation of the material by graining, the vessel in which 
the .soaj) is made will contain on the completion of the process all 
the ingredients originally added to it. The jirocess is carried out 
in steam-heated kettles, the skill and exjierience of the soaji-boiler 
being depended u})on to determine the satisfactory combination of 
the ingredients without accurate regard to the relative jiroportions 
or weights of materials used. 

Since in the semi-boiled jjrocess combination is effected by the 
aid of steam, the capacity of the steam-making plant must be greater 
than what is reijuired for the ojieration of the simjile machinery used 
in the cold process. A greater outlay is reejuired for manufacturing 
equipment, which is more intricate than that re<]iiired for the cold 
process, in the necessity of a boiler-])lant of ample capacity, piping 
and necessar}’ ap])urtcnanccs for the proper handling of steam, 
water, stock, lye and soap, riveted sheet-steel kettles of varying 
capacity, provided with open and closed steam-coils for heating 
and suitable })ij)e connections for the discharge of their contents, 
and pumj)s for the transference of material in liquid form Other¬ 
wise the essential e(iui])ment is the same as for the cold process. 

Of the two i)roce.sscs of boiling soap, vix., the semi-boiled and 
grained, or settled process, the former is a cheap and quick method 
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and is especially adapted for use in the manufacture of soap that 
can be prepared more economically and with equal satisfaction 
than by the settled process. Although all the materials added to the 
kettle remain to constitute the soaj), the degree of purification 
affected by the settling of a nigre, if desired, allows more latitude 
in the quality of stock than does the cold process. The jjrocess at 
best, however, is very limited in its ajqdicadon. 

All S(.)ap made by the semi-boiled ])rocess can be made with 
C(]ually satisfactory results by the settled process with the great 
advantage that the glycerin in the 'stock may be recovered. kV)r 
the best results by the semi-boiled jwocess, the stock should be of 
good quality, \\:hich is to say that the maximum commercial content 
of glycerin should be carried therein. And if soap in any consider¬ 
able amount is made, from stock of good (jualily by this })rocess, the 
highest efiiciency of manufacture re(piires that the glycerin be sepa¬ 
rated. 'I'he necessity of good stock for best results, unless the 
product is to be further treated, and the value of glycerin have been 
chiellv instrumental in restricting the use of the process. Considered 
in its [)f)ssi]jilities, the [)r()cess has a broader fiekl of a])plication than 
the cold process and may be emj)loyed in the manufacture of soft 
.soaj) either for domestic or industrial i)uq)()ses, for the base of cheap 
milled toilet soap, for toilet-soa]) as the so-called castile, olive-oil and 
olive-oil foots soaj), for marine or cold-water soaj), for the base of soap 
})owder and scouring soap, and fora great variety of soaps which de¬ 
rive their pojmlar names from the nature of the material added to them. 

For the preparation of small batches a sti‘am-jacketed kettli' 
or crutcher may be used, but for large amounts, as may be recjuired 
for soap powder and scouring-soaj), a steam-heated kettle, such as 
is used for regular soaj) boiling, is necessary. 

Since the develo])ment of ])racticable i)rocesses for the recovery 
of glycerin the semi-lx)iled ])rocess has become almost obsolete 
and survives only in modified forms of the cold j)rocess already 
described. Its practical use on a large scale is confined to the 
manufacture of soa[) for soa])-powtler and scouring-soap, although 
in many jjlants manufacturing exclusively cheap toilet-soap of the 
milled variety, and where the recovery of glycerin is no desideratum, 
it still i)ersists. ' Where stock of any (luantity is killed for soap- 
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powder it is generally grained and the stock lye withdrawn. The 
same should be true of stock for scouring-soap. It is claimcfl that 
a more compact and less friable cake can be produced from a 
semi-boiled soap, and the process persists in certain plants in spite 
of the superior economy of separating glycerin. Were it not for the 
greater tendency of the soap to “sweat,” owing to*the affinity for 
moisture of the retained glycerin, it would be impossible to distinguish 
well-made milled toilet-soap preparal from a semi-l)oil:d base from 
s'milar soaj) preparwl from a base made by the grained process. 
The manufacture of scouring-soaj) from a semi boiled base will 
comprise the method of manufacture described under this head, the 
methods of manufacturing other soaps biding described under the 
[)rocesses by which they are at f)rcsent commonly made. 

Scouring or Sand Soap.—I'here has developed a large demand 
for a soap for scouring and ])olishing ])ur])oses which is supplied 
by a simple mechanical mixture of soaj), silex, and soda-ash. The 
soap forms the binding agent, the .silex the abrasive agent and 
the combined soaj) and soda-ash effect the chemical cleansing as 
distinguished from the mechanical. 

The .silex, or .silica, referred to* is the ])roduct of rock-crystal 
quartz; the quartz is finst to be brought to a white heat in a cal¬ 
cining kiln, then immersed in water, crushed under chasers, ground 
to an im])al])able ])owder, and floated into .settling-vats; from these 
it is to be dug out and dried until it reaches the condition known as 
“bone dry,” when it is to be pas.sed through the fine.st quality of 
silk bolting-cloth. The impali)able j)owder must ])rescnt under 
the microscoj)e the aj)pearance of .sharp annular neeflle-])ointed 
particles; it must be non-ab.sorbent and mu.st not have been j)ro- 
duced from infusorial or silicious earth. 

The stock may be either cocoanut oil or a mixture of oil and 
tallow, although any con.siderable substitution of the cocoanut-oil 
by tallow, is at a sacrifice of compactness of the finished jiroduct. 
The soap may be made by either the boiled or semi-boiled process; the 
elimination of glycerin from the stock does not effect in the least the 
character of the product. The procedure of manufacture by the boiled 
process will be described in the section devoted to grained .soaps. 

* Navy Dejiartment sperificalions fyr sand .soap. 
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Selection of Stock for Scouring-soap Base. —'J’hc selection of 
stock for the soa})-base of scouring or sand soap is determined by 
the properties desired in the finished jiroduct. The essential require¬ 
ments of a good scouring-soaj) are firmness and comiiactness, quick¬ 
lathering projierties, homogeneity, dryness, high durability in use 
whereby the baf wears to the thinness of a wafer, and the,uniform 
and fine state of division of the alirasive agent m’ixed with the soaj). 

d'allow forms a soap which when mixed with the aliradent forms 
a firm mass of high durability but of low lathering jiower and inferior 
comjiactness, whereby the bar on becoming hydrated in use bei'omes 
brittle if not already so in the dry, unused bar. 

Cocoanut-oil-forms a firm and compact mass with the abradent, 
which ])ossesses (juick-lathering projierties, but owing to the ready 
solubility of the soa]),-the bar tends to waste away more rapidly in 
use. Cocoanut-dil alone, or. with a small ])roj)ortion of tallow not ex¬ 
ceeding 25 ])er cent, forms the most satisfactory base of a scouiing- 
soap, the natural firmness of the soaj) and its capacity of absorbing 
large quantities of salts without scjiaration constituting the advan¬ 
tage. As cocoanut-oil reipiires for .sa])onification 17.5 to ig.o jier cent 
of caustic- .soda, by reference to the tables on |)agc‘S 17 and ()7 it will be 
sern that ecjual parts of oil and cau.stic-soda lye of about 25° H( 5 . density, 
jirepared from 74° Be. cau.stic, will be re(|uired for complete .satura¬ 
tion. Similar combinations may be worked out for tallow if used in 
admixture with cocoanut oil. All sc-ouring-.soa]).s contain saturated 
soda ash solulion jirepared as already describi'd for the tilling of 
graincal soa]). It hardens the soaj), aids homogeneity of mixture, 
adds to the detergency, and makes the soa]) more a])])licable for use 
in hard and salt waters, and generally more ellicient for scouring 
pur])oses. d’he jirojxirtion added will be determined by the degree 
of etTlore.scence of the finished soap on the market. Sodium silicate 
in .small amount is a desirable addition. It imparts firmne.ss to the 
soap, retards efHorescence, makes a more compact bar on drying, 
and adds some to the detergency. The ])ro])ortions of these ingre¬ 
dients to be added dejiends entirely ujion the stock and the a])])ear- 
ance and con.si.stency desired in the fmi.shed jiroduct. 

In the manufacture of .semi boiled soaj) for use as a soap base 
for .scouring-soap,’of which cocoanut-oil is apart or exclusive slock 
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ingredient, to which an alkaline salt filling is added, the addition of 
the latter is most advantageously elTeeted, cither in part or whole, 
in the soap-kettle, for thereby the saponification of cocoanut-oil is 
made much easier, the chief ('arc then being to adajit the charge to 
the caiiaeity of the kettle, so that the swelling which takes place on 
saponification will not cause the contents of the keUle to boil over. 
With such a jirocedure the saponification of cocoanut-oil or mixed 
stock becomes a comparatively simple operation, there being reejuired 
only the simjile addition of the ingredients in regulated amount, their 
mixing during tin* addition, and close watch to avoid boiling over. 

The Abrasive Agent. —(Iround (]uartz, or silex, is the most satis¬ 
factory abrasive agent for use in scouring-soaj). Diatomaceous earth 
and marble-dust may be us('d. (Iround (juart/, or silex, is simjily 
silica, SiOo, an inert body of no detergent ])ower in itself, but when 
reduced to a fine state of division acts as a mechanical abradent. 
When used for scouring-soa]) the ((uartz should be ground to an almost 
impalpable powder and with ])articles of uniform si/.e and free from 
lumps, wheri'by dryness is n'(|uired, so that the object to be cleansed 
will not be scratched, which jirojierty is es])ecially desirable in a soay 
used for cleansing and ])olishing metallic objects. 'J'hc amount of 
silex that can be incorjiorated with soap de])ends ujKm the stock, the 
amount of filling, and the firmnc'ss and comiiactness desired in the 
finished ]iroduct and is upwards of 200 ])er cent. 

Killing Stock .—In a scouring-soap, lh(' soap is simjily the vehicle 
for the abrasive agent. After the jireparation of the soap-base there 
are two general methods of manufacture, viz., the frame and the 
mould methods, the former being us(‘d for the manufacture of the 
cheaper grades. 

By the semi-boiled jirocess, the following formula may be used for 
the soap-base with good results: 

Cocoanut-oil, Ceylon, or cojira. 100 pounds 

Caustic-.soda lye, 25° He. 100 “ 

Soda-ash solution, 36° B(*. 100 “ 

For small batches, sajionification may be effected in a .steam- 
jacketed crutcher or kettle, h'or large batches, a tank or kettle 
provided with open steam-pipes and suitable connections suf- 
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ficcs. The requisite amount of oil, lye, and soda-ash solution having 
been prepared, the oil and l)'e may be added and heat applied. They 
may be added cither simultaneously or successively, or a portion of 



Fig. 130.—Scouring-soap Mixer. 


the lye may be reserved to correct any tendency of the soap to boil 
over as a result of swelling incident to sajionilication. The alkaline 
filling may be also used for this purjiose. When danger of boiling 
over has jiassed, boiling should be continued until all the .strength 
is absorbed. More caustic should be added, but in no greater excess 
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than that indicated t)y a slight taste. At the end the soda-ash solution 
may be added and well mixed through, if not added i)reviously. 

Mixing.—With sand soap made in small amounts, the silex may 
be added in the mixer in which the soajj is made. This requires a 
strong, well-made machine, as the mixture is heavy. Otherwise the 
soaj) is jmmped hot to a specially constructed mixer .provided with a 
steam-jacketed bottoin. Fig. 130, agitation being effected by a ver¬ 
tical shaft in which horizontal arms arc si)irally inserted. A shallow 
form of mixer is shown in Fig. 133, but this is more commonly used 
for ])reserving the mixed soap at a proper temj)erature prior to trans¬ 
ferring it to the moulds. In a mixer of the type .shown in Fig, 130 
silex is added and thoroughly incorporated, any tendency to stiffen 
being corrected by the addition of soda-ash solution. To the })ro- 
portions given for the filled soap the following proportions are added 
in the mixer: 

Silex. ()oo ])()unds 

Soda-ash solution, 30° Be. 40 “ 

When the mixture is smooth, homogeneous, and of the pro])er con 
sistency it is ready to be disc harged from the mixer. Scrap may be 
M'orked ovct as fast as it accumulates by adding it to fresh batches 
in the mixer. Additional water or soda-ash solution must be added 
to correct drync'ss. From this stage two methods of scouring-soaj) 
manufacture originate, viz., the frame method and the mould method. 

Frame Method.—From the mixer the mass is dischargc'd into 
specially constructed frames or boxes in which the soap cools very 
quickly. As .soon as the .soaj) has accjuired the desired firmness it 
is .strij)ped and slabbed. A slabber for this purj)ose is .shown in 
Fig. T3T. A cutting-table e.specially constructed for use with scour¬ 
ing or .sand soaj) is shown in Fig. 132. In front of the .second cut¬ 
ting-head is a printing-roll, or cylinder, with jdates attached which 
.stamj)s the .soap as it passes through the second cutting head. A 
cutting-table of this ty])e will cut and stamj) cakes of scouring- 
soaj) at the rate of three to five slabs ])er minute, or as rapidly as 
the cakes can be removed from the table. 

Mould Method.—The hot mixture of .soap, silex, and soda- 
?ish solution is discharged from the mixer and descends by gravity 
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to the mould-room, where it is collected in a shallow steam- 
jacketed kettle, Fig. 133, and kept in a viscous or soft state 
until used. The mixture is transferred to moulds, Fig. 134, over 
which it is carefully smoothed so that each compartment is filled. 
If the soap cools too much and becomes stiff it cannot be salis- 



Fio. r^i. Power Slabber for Srouring-soap. 


factorily moulded. The moulds, Fig. 134, resting on thin sheet- 
iron slabs, are transferred to racks to await the solidification of the 
soap. When firm enough the mould and slab are inserted beneath 
the multiple dies of the press, Fig. 135; the mould is supported 
by a flange while the slab rests upon the base-plate of the press, 
which corresponds to the bottom die. Pressure is exerted simul¬ 
taneously by the attendant by means of the foot below and the 
screw above. Pressure is first released from below, whereupon the 









































































Fig. 132. -Cutting-table Designed for Scouring-soap 
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pressed cakes drop from the mould onto the slab below. The 
cakes resting upon the slab are stacked in i)iles on a truck and 
transferred to the drying-room, while the moulds as rapidly as 
emptied are hauled to the fillers for use again. 



1.33-—Mixing- or J Ifatirig-machino Jacketed, with Largt- ()i»friing in the Bottom. 

Scouring-soap Press. -In the operalit)n of the scouring-soaj) 
press, Fig. 135, the mixed material is sj)read into the divisions of 
the mould, shown in Fig. 134, su])[)orte(l on a metallic plate which 
serves as the bottom. The material should be of a consistency 
that will j)ermit of ready fiowing, so that each com[)artment of the 
mould may be filled without the occlusion of air, which if retained 
will form a cavity- in the cooled soap anti thus form an imperfect 
bar. When each compartment has Ix en filled and the material spread 
in a thin layer over the surface the filled mould is placed on racks and 
allowed to remain until the soaj) is sufficiently firm to slip readily from 
it and to receive the impression of the die. Previous to stam})ing, the 
surplus soap is cut from the surface with a long-bladed, two-handled 
knife and the mould then inserted in the press (Fig. 135). 

Simultaneously with the insertion of the mould, the bedplate 
of the press is elevated by means of pressure a])plied by the foot 
of the operator on’ the lever below and the multi[)le die lowered by 
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the rapid motion of the screw, wliereby the distinguishing characters 
are impressed in the surface of each bar. Jiy removing the pressure 
from the lever, the removable bottom of the mould falls upon the 
bedplate of the ])ress and the cakes, as a result of the pressure yet 
applied from above, are forced from each com})artment and fall 
upon the se])arale(l bottom. 'Fhe screw is them elevated and the 
j)late of* pressed soeq) is transferred to a truck, which when filled is 
rempved to the drying-room. The mould is now removed and is 
ready for use again with an extra bottom. After the loweming of 
the bedi)late of the ])ress, as-described, the mould remains station¬ 
ary, sujj]>orted by the rim, as shown on the opposite ends. 

Drying Scouring-soap.—Scouring-soap should l)e bone dry before 
wraj)ping, otherwise it will be friable an(l disintegrate rapidly in 
use. It is desired that each cake wear thin. To effect this more 



Fig. 134.—36- amt 24-cake Mould wiUi Slat). 


prolonged drying, and at a higher temj)erature than is permissible 
with ordinary .soa]), is reijuired. h'or this purpose drying-rooms 
of various types are erected, but the jirinciples of drying are the 
same as for ordinaiy’^ soap. 'I’hese are discussi'd elsewhere. 

The drying period, however, is longer, for the .soaj) is rendered 
practically anhydrous, its durability in use being thereby increased. 
The scrap comprises scrajiings from tlie moulds, imjierfect bars, 
and returned soap. It is remeltc-d in the ordinary type of 
remelter, more heat being reijuired, howevi-r, owing to the greater 
firmness of the soap, and rcturni'd as fast as remelted to the 
crutcher, where it is incorjioraied in the regular mixings. 

Soft Soap.—Soft soap may be defined as soaj) made from stock 
of low melting-point by use of caustic jiotash. Such soap, accord¬ 
ing to the temperature and nature of slock used, is of varied color, 
more or less transparent, soft, unctuous, of faint soap-like odor and 
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of ready solubility. The manufacture of soft soap for domestic or 
mdu.^nal purposes in the United States is very limited; in England 
and European countries its manufacture constitutes a considerable 
business. As a manufactured detergent it has been almost entirely 



displaced by soap-powder. Modern practice has compelled the 
distinction that while all potash soaps are soft soaps, all soft soaps 
are not exclusively made with fiotash. 

Stock.—The nature of the stock used is determined by the 
purpose for which the soap is intended, linseed-, cottonseed-, and 
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corn-oils, olivc-oil, olivc-oil foots, and tallow being commonly used. 
In the j>reparati()n of soft soap a potash-linseed-oil soap is the only 
combination that will retain its transparency throughout summer 
and winter. Owing to the greater cost of linseed-oil, cottonseed- 
oil, alone or in admixture with ttdlow in various proportions, gener¬ 
ally is used. potash soap of these ingredients wilt be transparent, 
with a light-golden color in warm leather and at lower tempera¬ 
tures will show a “figged” appearance from the crystallization of 
potassium stearate and palrnitate in the menstruum of jiotassium 
oleate. Unless comjiletely saponified, soft soa]) soon becomes ran¬ 
cid with the develojiment of odor characteristic of the stock used. 
T.inseed-oil saponifies readily, forms a ])alecolored, clear soap of 
soft body, keeping well, but with the odor characteristic of the 
oil used. It is the basis of all soft soajis in regions where these soaps 
are largely used, the projiortion de])ending ujion the season and 
the ])rice of comjieting olein-stock. Palm-oil is little used as a 
.stock ingredient, serving mostly as a coloring agent and jierfurae, 
either killed with the stock or added after saponification. 

Olive oil is an excellent ingredient for soft soap, but owing to its 
high cost it is seldom solely used exce])t for soaj) intended for pharma¬ 
ceutical j)ur])oses. Rosin may be used in small })roportions in com¬ 
bination with stearin-containing stock, the solubility of the soap, 
hence its lathering properties and detergency, being thereby increased. 
It .serves as a coloring agent, and when used in small amount with 
lin.seed-oil tends to modify the odor of that oil. Red oil of good 
quality forms an odorless soap. It possesses an aflvantage in that it 
may be killed with carbonate of potash. Tallow, as a rule, is not 
used alone, but always in combination with olein-stock. Cocoanut- 
oil forms an almost colorless, transparent soap, but unless com¬ 
pletely saponified rancidity soon develops, which, however, will occur 
eventually under any condition. For clear, transjiarent so;q), very 
soft stock and caustic potash are (‘ssential. I'igging may be etTected by 
either introducing a portion of stearin-containing stock or by sub¬ 
stituting caustic soda for a portion of the caustic potash. By the 
use of tallow alone a white potash soap may be made. The per¬ 
centage absorption of caustic ])otash by the various fats and oils 
is 1.4 limes greater than that of caustic soda. 
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Procedure. — A good soft-soap Tigging well in summer and 
fairly soft in winter, with the desired soft texture when pressed 
between the fingers or withdrawn from a mass of the soap, may 
be made from two parts of cottonseed-oil and one jiart of tallow 
or three parts of cottonseed-oil and one part of tallow, the latter com¬ 
bination forming soap of softer consistency. Saponificatjon with 
caustic potash jiroceeds as on the stock charge of all boiled soaps. 
The oil and tallow are run in together, and boiling having started, 
caustic-potash lye at io°-15° lie. is added. When saponification has 



becoming clear, lye is added continually, but never in sufficient excess 
to grain the soaj) as long as it is absorbed. With strength jiresent 
in permanent excess, boiling is continued until satisfied of comjilete 
saponification. Where it is jiossible to measure with some degree 
of accuracy the proportions of ingredients reciuired, the manufac¬ 
ture of semi-boiled soaj) involves no great difficulty, it bi'ing suffi¬ 
cient to run the ingredients into the kettle according to the procedure 
stated and boil until combination is efTected. It is then known that 
the excess or deficiency of alkali is very slight. Hut under ordinary 
conditions the amount of stock to be killed is the only factor known 
with accuracy, the skill and experitnee of the soap-maker being 
relied upon entirely to manipulate the ingredients and to determine 
the comjiletion of saponification, with neither free fat nor free alkali 
in excess. After the completion of sajionification, to obtain a product 
of the desired consistency and yield, the addition of water to the soap 
in the kettle should not be in such excess that on cooling a sample the 
short texture is <lestroyed. Tlu‘ presence of water in excess of the jiro- 
portions desired will be indicated by the cooled samjile ])ulling apart 
in a stringy, thread-like mass. When finished the soap is jiumped to 
the crutcher, where it is agitated merely to cool it, whence it is run 
directly into barrels, kegs, or other packages stored in a cool place. 

A cheaper soft soap for industrial purposes may lie made from 
the same ingredients, or from cottonseed-oil alone, by substituting 
caustic soda for a portion of caustic potash. The degree of .sub¬ 
stitution will be determined by the consistency desired in the finished 
product. The finished soaj) is pum])ed directly to the crutcher, 
where it is strengthened by the addition of a small amount of 20® 
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Bd. caustic-sorla lye or a mixture or caustic-soda lye and soda-ash 
solution of 36'' Be. While the addition of these compounds dilutes 
the soaj) with water to any desired consistency, the alkali imparts a 
body to the soap that it would not otherwise possess, and for many 
purposes a sharp strength is desired. In no case should it be added 
in amount sufficient to grain the soap. ' 

I 

When rosin is used it is added and killed after the saponification 

I 

of the glyceride stock. It combines readily with alkali and serves 
well to take up excess strength. 

Yield. —The yield of soft soap of a definite consistency from a 
given stock decreases in projiortion as caustic soda is substituted for 
caustic potash, not alone because less caustic soda than caustic 
jiotash is absorlied, but because hydration of the resulting soap 
is reduced. The inferior affinity of soda soap to potash soaj) for 
water affects the yield of soft soaj) when the former forms a })art 
of it. Linseed-oil and caustic potash will yield 240 pounds of .soap 
to TOO pounds of stock, but with one-third of the lye cau.stic soda, 
the yield is reduced 10 to 15 pounds. The yield is greater with lin¬ 
seed-oil than with cottonseed oil, and is greater with cotton seed-oil 
alone than with tallow in admixture; the firmer the glyceride the 
smaller the yield of .soap of the texture desired. 

Soft soap is commonly considered to yield from two and one- 
fourth to two and one-half times the weight of stocks used, but it 
may be thinned out with water to any desired consistency. The 
yield may be increased by the addition of filling material. As high 
as 30 pounds of potassium-chloride solution can be incorporated. A 
yield in exce.ss of 270 jiounds can be obtained only by the use of 
binding agents as starch .solution. With unfilled soft soaj) the j^roper 
degree of hydration and yield are obtained, when a soap of .short 
texture is jiroduced as previously described. The presence of water 
in excess of the yield stated will destroy the short texture and make 
the .soap stringy. The alkaline salts u.sed for filling comjjrise the 
chlorides, carbonates, and .silicates of soda and jiotash. The jjotash 
salts for this purpose are preferable owing to their affinity for water. 
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with Caustic Soda. Combination with Soda-ash. Castile Soaps. 
Marine or Salt-water Soa^). Boiled-down Soaj). Procedure. 
The Mottle. Mottled Soaj). Mottling Agents. Filled Mottled 
Soaj). 


Classification.— As noted on preceding |)ages soaj)-manufarturing 
processes have been divided into two general and distinct classes, 
viz., the cold and boiled i)rocesscs. The boiled process has again 
been subdivided into the semi-boiled and grained jjrocesses. Par¬ 
ticular stress is laicl ujjon this classification because it is desired 
that some system and clearness of understanding be introduced into 
the phraseology of the processes of soap-manufacture. By some 
a semi-boiled soap is considered one that has been made at a slightly 
higher temperature than that jirevailing in the manufacture of 
cold-process soaj). While there is much similarity between the 
cold })rocess and that jirocedure that is carried out at a slightly 

higher temperature, chiefly in that the mechanical equipment re- 
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quircd for both is the same and that both methods of treatment are 
adapted only for small amounts of material and that on a small 
manufacturing scale, the old distinction prevailing to a greater 
or less degree has been disregarded in this work as unscientific and 
conducive to misunderstanding. The term “.settled” is generally 
ascribed to a .soap made usually by killing the stock, graining the 
soap, rosining it if it be a rosined .soaj), .strengthening it, and finally 
leavirfg the contents of the kettle in such condition that, on cooling, 
the impurities “settle” to the bottom of the kettle. Such a dis¬ 
tinction is equally confusing, fiir even though a soai) be not grained, 
it can, if desired, be left in such a condition after saponification of 
the .stock that practically the same jiurification is effected; and 
also a grained soap can be framed without settling. 

By basing a secondary classification on the use of salt as a grain¬ 
ing agent in the sense in which it was originally used before glycerin 
was thought of as a commercial by-product in the manufacture of 
soap, viz., to purify the soaj), a cla.ssification that leaves no con¬ 
fusion is obtained. As already noted, the same term is applied to 
the soap as well as to the process by which the soap is made. There¬ 
fore by the boiled ])rocess saponification is induced and effected 
by boiling the ingredients by means of artificial heat. Soap made 
by the boiled jirocess may be subdivided into two general clas.ses, 
viz., semi-boiled and grained. A semi-boiled soap is one from 
which the glycerin has not been separated and the process by which 
it is made has come to be in modem practice of very limited ajipli- 
cation. A grained soaj) is one from which the glycerin has been 
sej)arated and the process by which such soaj) is made is the most 
imj)ortant and general of all soap-manufacturing jiroces.ses. A 
grained .soap may or may not be a settled .soaj), as we shall see in 
the manufacture of mottled .soap. The general aj)i)lication of 
practicable j)rocesses for the recovery of glycerin from waste soap 
lyes, wherever such can be economically treated, has revolutionized 
the art of soap manufacture. 

In the following diagram has been arranged an outline of the 
four general j)rocesses of manufacturing grained .soap, under the 
successive discussion of which will be described the procedure of 
manufacture of the various kinds of boiled grained soap. 
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TABLE XIX.—OUTLINE OF THE FOUR GENERAL CLASSES OF PROC¬ 
ESSES FOR THE MANUFACTURE OF GRAINED SOAP. 



Materials. 

Common Name 
of Change. 



Class. 

Used. 

Used hut 
Removed. 

Product of 
Change. 

By-product 
of Change. 

I. 

Stock and 
cau.^tic lye 

Salt 

Stock 

Grained soap 

Slock lye 

• 


Caustic lye 

1 

Strengthening 
and finishing 

Soap 1 

1 

• 

• 

IL 

Slock and 
caustic lye 

Salt 

Stock 

Grained soaji ! 

Stock lye 


Caustic lye 

Caustic lye 

Strengthening 

1 

Strengthened soaj>| 

Strength lye 


Water 


Settling 

Soap 

Nigre 

III. 

.Stock and 
caustif lye 

. Salt 

Stock 

Grained soa]> 

Stock lye 


Caustic lye 

Caustic ly'c 

Strengthening 

Strengthened soap Strength lye 


Brine 

Brine and 
caustic lye 

Pickle 

Neutral .soap 

T*ickle lye 


Water 


Settling 

Soa]) 

Nigre 

IV. 

Stock and . 
caustic lye 

Salt 

.Slock 

Grained .soap 

I Stork lyr 

1 


Rosin, caustic 
lye, and salt 

Salt and t aus- 
tic lye ('’) 

Rosin 

Rosined soaji 

1 

j Ro.sin lye 


Caustic lye 
and brine 

Caustic lye 
and brine 

Stn*ngthening 

Strengthened .soaj) 

Strength lye 


Water 


Settling 

.Soaj) 

Nigre 


Grained Process. — Tl will be observed that the subject has been 
developed logically along the line of simplicity of manufacture; that 
a greater variety of stock and of different grades becomes available, 
until with the grained process we reach the maximum in this re¬ 
spect. While under all circumstances superior stock is necessary 
for the best results, the grained })rocess is essentially one to be used 
for inferior stock. The discussion of soap making by this process 
will be from two points of view, (i) the elimination of impurities from 
the soap, and (2) the separation of glycerin from the stock and soap. 
In the cold and semi-boiled processes glycerin remains as an in' 
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grcdient of the soap, and where other signs are uncertain the ana¬ 
lytical determination of the quantity present is a reliable index of 
the origin of the soap; while in the grained process every effort 
is made to effect the maximum separation of glycerin and its com- 
pletest recovery from the waste lye formed by graining. In the 
discussion of the grained process the manufacture of the various 
grades of soap made, by it will be described in the order of their 
relative simplicity of manufacture. And it will be observed that 
the skill of manipulation and complexity of procedure requisite 
to a product of given quality are in inverse proportion to the 
quality of stock used. 

Graining Agents.—Graining soap is throwing it out of solution, 
the degree of separation depending upon the proportion of the pre¬ 
cipitant present. For the production of a definite curd or grain 
common salt combines most fully cheapness and efficiency. Caustic 
soda is used as a graining agent only on the strengthening change, 
and then only incidentally, the lye from which is used again, whereby, 
the caustic is recovered. It is a more efficient graining agent than 
common salt, meaning thereby that a smaller amount is required to pro¬ 
duce the same grain. Sodium suljjhate, or Glauber’s salt, produced 
in the soap industry by the use of sulphuric acid in the neutralization of 
the alkalinity of waste lye preparatory to evaporation, is inferior to 
common salt. In a number of ex[)eriments made to determine the 
relative efficiency of common salt and Glauber’s salt, 5000 grams of 
settled rosined soaj) of good quality were grained with both agents to 
an identical curd, whereby it was ascertained that equal quantities 
of soap used required 150 grams of salt and 250 grams of Glauber’s 
salt to produce the sjime grain. Therefore, according to this ex¬ 
periment, two-thirds more Glauber’s salt than common salt arc 
required to grain soap. From these experiments it is calculated, 
on the basis of the weight of closed soap, that 3 per cent of com¬ 
mon salt and 5 per cent of Glauber’s salt are required for graining. 
These proportions, while appro^fimating, are less than those pre¬ 
vailing in actual practice. Glauber’s salt is not used as a grain¬ 
ing agent only in so far as it may occur as an impurity in salt re¬ 
covered from waste lye the alkalinity of which has been neutralized 
with sulphuric acid. 
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Soap-makers arc accustomed to speak of a “thick” or “thin” 
curd, of an “open” or “close” curd, or of a “short” or “broad” 
curd, meaning respectively the IwA extremes of separation of soap and 
lye according to the amount of salt present. Salt may be used either 
in the dry state or as a saturated solution, viz., 25° Be. The per¬ 
centage of dry sidt in salt solutions of dilTerent densities at 60° Fahr. 
is shown in the following table. , 


TABLE XX.—I’KK('ENT\GE OF DRY SALT IN SALT SOI.UTIONS OF 
DIFFERENT DENSITIES AT 00 ° FAHR. 


Doi'rui'.s Haiiinc'. 


. 26 

1.04 
1.50 
2 .oS 
2.60 

312 

.3 ^4 
4. lO 
4.6S 
5 ■ -’o 
7 - So 
10 40 

1.3 00 
1 5 ■ ^*0 
iS 20 
20 So 

2.3 40 
26 00 


SiH-cilk' (Inivity 


1 .002 
T. 00.^ 
1 . oa7 
1.010 
1.014 
1.017 

I 021 
1.025 
1.02S 
1 0_{2 
1 0.33 
1 OS 4 

* 07.3 

t 094 
1.114 
1 . 140 
I . it;S 
1. 1S2 
1.205 


Per CiTit fit Salt. 


. 265 
■ .3.30 
J . 060 

1 • .300 

2 120 
2.6:50 
3.180 
3 - 7 IO 
4 240 
4.770 
.3 • .300 
7 ‘130 

10 600 
1.3-250 
15 (;oo 
iS 550 
21 200 
2.3 ■ J^, 3 o 
500 


Wi-if.'ht fif a 

Gallon tit this 
Urint- in Pounds. 


f^-. 3 l 7 

^<•.3.36 

8.389 

8.41.1 

8..147 

8.472 

.S.50O 

‘''•. 3.30 

8.564 

‘''•507 

8.622 

8.781 

8. () 3 () 

0 '05 
0 280 
9.464 
9.647 
9 847 
10.039 


Poll ids of Salt in a 
Gallon of Brine of 
2 ii Culnc Inehcs. 


022 

.044 

.088 

•13.3 

• >79 
. 224 
.270 
.316 

• 3 f >4 
.410 

•457 

.698 

•047 
1.206 

>• 47.3 
' • 7.35 
2 045 
2.348 
2.660 


It is u.sed in a dry state on the stock and rosin changes and in 
solution on the strengthening change. When used to wash the soap 
for the removal of free alkali or coloring-matter, whether it is in 
solution or in a dry state, will depend upon conditions in the kettle. 
“Thick,” “open,” or short” grain is produced by an excess of 
salt; with a deficient amount the texture is described as “thin,” 
“close,” or “broad.” The amount of water withdrawn from the 
soap, likewise the amount of waste lye withdrawn from the kettle, is 
determined by the quantity of salt used in graining. In good prac¬ 
tice it is endeavored to secure the best separation of the maximum 
volume of waste -lye with the least amount of salt. The degree of 
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separation is determined largely by the quality of the stock and 
the nature of the change. With inferior stock highly charged with 
albuminous matter as thorough a separation as is practicable is 
desired, whereby the utmost impurity may be discharged into the 
waste lye. The same conditions prevail in graining the nigre; 
hence a thick, open, or short curd should be produced under such 
conditions. The use. of inferior stock not only means less glycerin 
actujflly present, and, other things being equal, more salt required for 
graining, but as well a larger volume of waste lye to be evaporated 
and salt to be recovered for. the smaller yield of glycerin. The 
economy of good stock is evident. From 6 to 8 per cent of dry 
salt, on the basis of the stock used, will produce a waste lye of about 
13° Be., which with good practice will contain the maximum amount 
of glycerin with a minimum of salt, lea.ving the soaj) sufficiently 
grained. The use of caustic i)olash as a saponifying agent re¬ 
quires that the soap be made by either the cold or semi-boiled 
process, for the use of common salt as a graining agent for such 
soaj) involves a loss of a j^orlion of the jiotash by the interaction of 
the j)otash soaj) and sodium chloride. The use of potassium 
chloride as a graining agent is imjmicticable. It has been 
demonstrated* that under the conditions mentioned the reaction 
occurs according to a general rule, ^’iz., that when potash and 
soda are simultaneously ])resent in contact with two acids jointly 
equivalent to the sum of the two alkalies, there is a marked 
tendency for the ])otash to unite with the stronger acid and 
for the soda to unite with the weaker one. Hydrochloric acid 
being a stronger acid than the ordinary fatty adds, it results that 
if fatty acids and hydrochloric acid constitute the pair, the potash 
unites by preference with the hydrochloric acid, aind the soda with 
the fatty acids, forming soda soap. 

It is to be noticed, in connection with this general rule, that we 
find that under certain conditions changes may be brought about 
which are aiiparcntly in opjiosition to it; in point of fact the two 
acids and the two bases always .so associate themselves as to give 
rise to jour salts, viz., those obtainable by the combination of each 


* Wright and Thompson, Jour. Soc. Chem. Ind. 
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acid with each base; and by varying the relative masses of the acids 
and bases in certain ways, one pair of salts can be made to pre¬ 
dominate over the complementary pair under one set of conditions, 
and vice versa under other conditions. For example, we find that 
if a soda soap be dissolved in water and a large quantity of potas¬ 
sium chloride added to the solution, it is jiossiblc to convert con¬ 
siderably more than half of the soda soap ii\to potash soap, with 
formation of the corresponding quantity of sodium chloride, cyat of 
the four compounds, (1) potash soap, (2) soda soap, (3) potassium 
chloride, and (4) .sodium chloride. Under these conditions t and 
4 are formed to a larger extent than 2 and 3, so far as the fatty acids 
and soda arc concerned; while if a potash so;q) be similarly treated , 
with sodium chloride the same four salts will result, only now 2 and 
3 will be formed to a greater extent than t and 4, so far as the fatty 
acids and potash arc concerned, the difference in the two cases 
being essentially due to the fact that, in the first instance, a rela¬ 
tively large mass in excess of 3 is present and in the second a 
similar excess of 4. 

In a similar way, if a jxitash soaj) be well intermixed in a fluid 
condition with a solution of carbonate of soda, and if, in a jiarallel 
experiment, a soda soap be intermixt'fl with carbonate of jiotash, in 
each case four comjiounds will result, vi/.., (1) jiotash soap, (2) soda 
soap, (3) carbonate of potash, and (4) larbonate of soda, the rela¬ 
tive proportions in which the two alkalies are associated with fatty 
acids depending on the mass and nature of the alkaline carbonate 
present. In this instance, however, the displacement of potash 
from combination with fatty acids by soda always takes place less 
readily, and that of soda from combination with fatty acids by 
potash more readily, than is the ca.se when alkaline chlorides arc used 
as above instead of carbonates. 

It is remarkable that when there are two alkalis present (potash 
and soda) in the caustic state (i.e., as hydroxides), and no acid 
except the fatty acids of .soap, there is no marked preferential com¬ 
bination of either alkali with the fatty acids as compared with the 
other. Thus we find that all the ordinary fatly acids, when treated 
with a mixture of caustic jiolash and caustic soda in equivalent pro¬ 
portions, and in. quantity jointly equal to twice the amount capable 
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of combining with the fatty acids, appear (according to our experi¬ 
ments) to form a mixture of potash and soda soaps, containing sen¬ 
sibly half the fatty acid in combination with the one alkali and half 
with the other, while the uncombined alkaline lye similarly coti- 
tains equivalent quantities of each alkali. 

Class I .—^The simplest treatment of a graine(J soap involves 
merely the saponification of the stock, se])aration of the waste lye, 
and ^he closing of the soaj) preparatory to its further utilization as 
may be desired in the manufacture of soaji-powder and scouring- 
soa]) base. It is jireferable, however, to subject the soap to a 
strengthening change, which, with the soaps commonly made by 
this process, may be combined with a finishing change. Complete 
saponification is thus assured. As soaj) jiowder base is made by this 
process attention will be first directed to it. 

Manufacture of Soap-powder.—The demand for a cheap, quick 
detergent for the cleansing of coarse articles is met l.)y a combina¬ 
tion of soaj), soda-ash, and sodium silicate with varying jiropor- 
tions of non-detergent matter. 'J'he success of early manufacturers 
of this article and its ease and cheapness of ]ire])aralion enci'uraged 
a host of imitators until at jiresent its manufacture is general and 
the use of the article steadily increasing. 

Stock.—^Any saponifiable stock is suitable for soa])-])owder. Soft- 
bodied stock as dark grease is commonly used, there being no limit to 
inferiority provided the stock is reasonably free from non-fatty matter 
and oiTensive odor. The character of the resulting soay), aside from 
the odor, is effectually concealed by the soda-ash. Cottonseed-oil 
soap-stock is exclusively used in a popular proprietary powder. Off 
cottonseed-oil forms an excellent stock either alone or in admixture 
with grease. Rosin under no circumstances is yiermissiblc, as owing 
to the deliquescence of rosin soap, the soap-powder will become 
lumpy. It is practicable, however, to utilize to a certain degree the 
nigre, first sharply grained and then closed, from a high-grade, lightly 
rosined .soap. The extent to which this is j)ermissible must be deter¬ 
mined by results. 

Stock Change.—Saponification of all animal slock, and vegetable 
stock with the exception of cocoanul and palm-kernel oils, should be 
started with weak lye not exceeding 15° Be. With grease-stock, 
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which is the least refractory towards alkali, all the stock intended 
to be used may be added at once and the lye at 15° Be. afterwards, 
or they may be added simultaneously with vigorous boiling. An 
emulsion forms at once and saponification ensues with rapid ab¬ 
sorption of alkali. The alkali should not be added in such excess 
as will grain the soap, for thereby, the soaj) being thrown out of 
solution, saponification will be retarded. The greater jiart of the lye 
should be added at 15° Be. As the mass boils uj) evenly and i'lear, 
the strength of the lye should be increased to i8° Be. until all greasi- 
ncss disappears, when it should be added more cautiously, but al¬ 
ways in slight excess, and as often as aljsorjition makes it necessary. 
When the soai), pressed between the fingers, cliips uj) smooth and ' 
dry with caustic taste, boiling is continued until causticity disa])pears. 
More lye in small ampunt at 18° Be. is added with continued boiling 
until a slight caustic taste is permanent. I'he sou}) should be further 
boiled for an hour or more to again n'duce the soaj) ])ractically to 
a neutral state, when it is ready to grain. 

Graining.—With the soaj) boiling well Uj) in the kettle, dry salt is 
added with the shovel and scattered uniformly over the surface of the 
st)aj). After each addition of salt it should be well boiled through 
before subsecjuent additions are made, until a j)orti()n of the soaj) re¬ 
moved on a jjaddle sej)arates lye. Boiling is now continued, with¬ 
out further addition of salt, until that alre/idy added has been thor¬ 
oughly boiled through. Should the lye at this stage remain clear 
on cooling, sufficient salt has been added and steam may be turned 
off and the lye allowed to settle out. 

In small batches of 5000 j.)ounds, stock may be killed and grained 
before n(K)n and- the lye allowed to settle during the noon hour. 
With some strength in excess boiling may be continued slowly 
throughout the day and the soap grained late in the afternoon and 
allowed to settle overnight. After withdrawing the stock lye the 
soap is ready to strengthen and finish. 

Strengthening and Finishing.—After withdra^\■ing the stock lye, 
steam is turned on and weak lye of about 10° to 12° Be. added. 
Boiling is continued without further addition of lye so long as the 
soaj> shows strength. Continued boiling with water of condensa¬ 
tion from the steam may suffice to close the soap; if not water may 
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be added to bring the soap to the proper degree of hydration. Soap 
for soap-powder should be finished thinner than is required for 
settling. When this condition has been reached the soap is ready 
to be pumped, or conveyed by trough from the discharge-pipe of 
the kettle, to the crutcher. 


Strengthening may constitute a sejiaratc change if desired, in 

c 

which event, after Withdrawing the stock lye, steam is admitted 
and 'water carefully added until the soap closes. The soap is then 
grained with 18° to 20° Be. lye and boiling continued for at least 
two hours. Steam is now turned off and the lye allowed to settle 
out. The strength lye is withdrawn to a storage-tank to be worked 
over. Steam is now turned on and water a<lded until the soap is 
brought to the dc'sired consistency. 

Mixing and Framing.—For this purpose the soap-crulcher may 
be used, but it is desirable that for mixing the thick, heavy mass of 
soap and ash the mixer be more strongly built than the ordinary 



Kic. 1,^6.—Disintegrator. 


soap-crutcher and ])rcferably of the type with cither the horizontal 
or vertical blade agitator. The ingredients added to the mixer 
comprise thin soap, soda-ash, and silicate of soda. These may 
be in various proportions according to the (quality of powder de¬ 
sired. For a single frame' 600 to 700 jiounds each of soap and 
ash may be used to which 100 to 125 pounds of silicate are added. 
Soap is run in first, the amount being determined by the level 
in the mixer, and then the ash in successive amounts until the 
entire weight is added. Addition of the entire amount of ash at 
once may block the crutcher and bend or break the blades of the 
mixer. The amount of silicate added will depend upon the con- 
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sistcncy of the mixture of soap and ash. If the soap is finished 
too thin, the weight of ash may not be sufficient to counteract the 
thinness of the resulting mixture, ‘in which event either more ash 
or less silicate may be added. With soap finished coarse in the 
kettje it may be necessary to add water in the crutcher. When a 
homogeneous mixture has been ol^taincd the mass is framed. One 
day, as a rule, suffices for cooling, at the end of'whicli time the mass 
is stripped and cut. Corners and ends of the frame are usually 
hard, to penetrate which the ordinary soap-slabber is unsatis¬ 
factory. Recourse is had to hand-slabbing. Should the mass 
become too hard to be cut by wire, it must be disintegrated by more 
laborious mean.s. After slabbing it is cut transversely and the slabs 
piled uj) to dry. The frame method is the most cleanly and con¬ 
venient. According U) the floor method, the mixed soap and soda- 



Fii’.. I ^^7. —DisinU'gnilor with Casing. 

ash are run directly from the crutcher, used exclusively for this pur¬ 
pose, on to the floor of the apartment, where it is allowed to solidify, 
after which it is broken into coarse lumps to facilitate cooling and 
drying. The mass is. then further disintegrated and ground as 
required. The slabs after disintegration, either by hand or disin¬ 
tegrator, are ready for grinding. A common type of disintegrator, 
or crasher, is shown in J'igs. 136 and 137. 

To avoid the troublesome process of framing the semi-liquid 
mixture of soda-ash, sodium silicate, and soa[), allowing this ma.ss to 
solidify in the frames and subsequently to reduce the .solid material 
to a form suitable for grinding, it is possible to discharge the mass 
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directly from the mixer to the grinclin<r-mill. A devic'e designed 
for this purpose is shown in Fig. 138. As shown it stands on a 
wooden frame which is securely stayed and boiled. It has two shafts 
running horizontally side by side, geared to run in o})posite direc¬ 
tions; they are run through a cast-iron case circling at the bottom, 
so that the paddles i)laced on the .shaft in screw form lift the matc- 



Fkj. 138.—Soaj)-j)owder Mixer. 


rial from the bottom of the case and throw it in opposite directions 
from one end of the case to the other, thereby keeping it in con¬ 
stant motion and obtaining a j)erfect mixing. 

Where the shafts pass through, stufiing-boxes are provided to pre¬ 
vent any leakage. All bearings run in self-oiling bo.xes outside of 
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case, so that the material does not come in contact with them, thus 
rendering them perfectly free from dust and durable. 

The hopper on lop of the mixer to receive the dry powder is 
provided with a door at the bottom, which is operated from above 
by a hand-wheel connected to the shaft, with a worm meshing into 
a worm-gear, to let the charge into the mixing-chamber. At the 
opposite end of mixer is a reservoir to hold a oharge of hot soap. 
Attached to this is a pipe leading into the mixing-chamber; in tghis 
pi])c is a quick-opening valve that is operated from above. Four 
tight-fitting gates are provided at the bottom of the mixing-chamber 
to discharge the material when mixed. This is done very rapidly. 
I'he consistency of the material as discharged from the mixer de¬ 
pends upon the proportions of solid and licpiid ingredients added. 

If the jiroportion is four to five parts of dry material to one of 
liijuid, it will leave the mixer in a dry, powdered state and can be 
passed directly to the grinder. The soap should be heated to about 
140° I’ahr. If the proportion of the charge is about equal, the 
mixture will lie in a partly dry state and will have to stami a short 
time to dry or to cool sufficiently for grinding. 

As considerable heat is generated in the grinding process, it 
is best with material containing a large jiroporlion of soap to allow 
it to thoroughly cool before grinding. Whether or not the material 
may be ground directly from the mixer is determined primarily by 
the proportion of soda-ash used. 

Grinding Soap-powder.—Mills of various types arc used for 
reducing the coarse lumps or slabs to pow’der, one form of which is 
shown in Fig. 13Q. 

Under ordinary conditions an attendant upon the mill is usually 
refjuired to maintain a continuous feed and to remove the ])owdcr 
as accumulation makes it necessary'. The grinding-mill as a rule 
is subjected to severe usage and to maintain it in clficient operation 
such matters as lubrication, care of belting, etc., should not be 
neglected. 

Competition in the soap-powder field has led many manufacturers 
to the use of talc as a cheapening ingredient. This material is easily 
incoq^orated with the powder, being added to it in the grinding 
process. It is without-detergent value and fortunately is harmless. 
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A salisfarlory mc'lhod of handlin;; r.oa])-powder consists in storing 
the material in a ho])j)er or bin, as it comes from the crusher, and 
transferring it thence by gravity to the mill as rc'quired. This 
arrangement of cruslier, ho])per hsr cruslied material, mill and hopper 
for j)()wder is shown in Tig. i_jo. 

It will be readily seen that the arrangcanent shown may be varied 
to suit'eonditions, fo that the crusher may be located on any door of 
tho building where the framed matcTial is most ea.sily delivered, and 
the mill may be also located where most convenient. 

by using two small (“levators, both crusher and mill may be located 
on the same door, and the bins placed against the ceiling or on the 



door above. In the mill shown in Fig. i3{; the material is reduced 
to ])owder by repeated blows of rapidly revolving steel beaters run¬ 
ning in a s]»ecial casing. The bottom of the casing is composed of 
a perforated screen of a sjiecial metal, which unites great s.trcngth 
and toughness with ])henomenal wear-resisting (jualities. The 
powder is ra])idly reduced by the action of the beaters, and the fine 


material i^ instantly discharged through the screen. All jiarts of 
the casing are easily accessible for examination and cleaning. The 
only wearing jiarts are the screens, which are durable and inexpen¬ 
sive. Ihe mill is intended to receive its supply from a storage-bin 
overhead, and to deliver into one bt“low or into barrels. In Mg. 141 
is a diagram for setting up the mill to discharge into barrels. The 


frame consists of 4"iJti« dressed yellow jiine and is large enough tc 
take a sugar-barrel. The sides of the framework should be cov- 
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ered in with ordinary unbleached cotton sheeting. A door is pro¬ 
vided, consisting of a light frame, cloth-covered, which is to be held 
in place by buttons as shown. The mill draws air through its 
sides and discharges through the screen. This air circulation is 
necessary to kee]) the pt)wder cool. 

The cloth sides of the frame allow the air to cscajjc, while retain¬ 
ing the dust. 

The mills can be set to discharge into a bin, elevator, conveyor, 
or any manner desired, but there should always be some such outlet 



for air provided. In many cases a dust-bag, made of one piece of 
double-width cotton sheeting sewed togetlier at the edges and made 
about 6 to 8 ft. long, will serve the jmrposc. The ujjper part can be 
connected by a 3-in. pipe to any convenient part of the discharge¬ 
casing, and the lower end should be hemmed and tied together with 
a heavy cord. Wlien the dust accumulates, untie cord and empty 
out. Shahe dust from sides of bag frequently. If the bag is allowed 











302 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. 


to fill up, the air cannot escape and the machine will be liable to heat 
up the fiow'der and stoji work. 

In Fig. 142 is sliow'n a very compact and self-contained device 
for manufacturing soa])-j)owder whicli is not without many jioints 
of peculiar merit. It consists essentially of a disintegrator or pul¬ 
verizer which connects by means of an upright dud with a system 
of sieves’ contained in the overhead bin from which the powder, 
reduK'd to the degree of fineru‘ss re(]uire(l, is discharged into the 



Fk;. 141.—Dimfriim for Si-ttiii>j up Mill to Discharge into T>.irrcls. 


barrel on the floor, or into a bin discharging on to the floor below. 


The disintegrator consists of a disc bearing cast-steel ])egs rotating 
at the rate of 1500 or more revolutions ])er minute and contained 


within a case to both sides of which likeivise are attached cast-steel 


jiegs. The tlisinlt'gration of the jiowder is thus elTecled by concus¬ 
sion. The rapid revolution of the interior disc creates sulTicient 
pressure to force the ground material into the sieve-chamber above, 
w^here it is dejiosited on a sieve of given mesh to which a lateral 
motion is imjiarted by means of a cam attached to the counter¬ 
shaft. The ])owder passes through the sieve into a suitable recep- 
laele, while the coarser material with the air is returned by means 
of a tailing-duct to the disintegrator to be reground. 

Packing Powder.—Wliere large numbers of cartons are to be 
packed, it is essential to ado])t some* mc'thod to insure that they shall 
all be filled exactly full and that the cost of filling shall be as low 
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as possible. iVIany of ihe kirjrer manufacturers use sjiecial weigh¬ 
ing and packing machines. The usual method is to determine the 



Fig. 142.—Soap-puwik'r Plant, 

bulk that the desired weight of material will fill and make the car¬ 
tons of the jiroper size to hold this bulk. In this connection it 
should be borne in mind that there is a difference in the volume that 
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a given weight of powder will occupy, depending on fineness of 
grinding. Therefore il is best to use pow’der just as it comes from 
the mill to determine this volume before ordering the cartons. 

A very cfTeclive and inexpensive method of filling the cartons is 
to make a number of tin boxes, open on one end, of proper size to 
just slip inside the carton and deep enough to contain the mjuired 
volume of pow'der. These tins are to be closely packed side by side 
on jt tray as large as can be conveniently handled. The powder 
can be spread on the open toj) of the tins and levelled off with a 
shovel or hand-scoop. One minute’s w'ork w’ill fill a whole tray of 
tins. The tray is then placed on the jiacking-lable, where the packers 
take the tins one liy one, slip a carton over the open top and turn 
upside down, leaving exactly the right quantity of jiowder in each 
carton, and jilace the empty tin on a new’ tray ready for refilling. 

Continjious Method.—The manufacture of soap-powder on a 
large scale jicrmits of the fullest o})j)ortunity for the introduction of 
labor- and time-saving devices. The use of an automatic weighing- 
machine, attached to the soap-])owder bin which receives the ground 
powder from the mill, allow’s of the discharge of a uniformly regu¬ 
lated amount of jiow’der into the carton or shell. From the crush¬ 
ing of the coarse jiowder by the disintegrator to the completion of 
the process the ojieration as jireviously described and illustrated is 
continuous. There is in use where the volume of manufacture per¬ 
mits a device or an arrangement of devices w’hich makes the manu¬ 
facture of soap-pow’der an uninterrujifed process from the soap- 
kettle to the pasted package. This arrangement consists essen¬ 
tially of a specially constructed crutcher for mixing the ingredients, a 
mechanism for cooling, drying, and reducing to a coarse form the 
material which on a smaller scale of manufacture is framed, cooled, 
stripped, cut into slabs, dried and disintegrated, a grinding-mill, 
automatic weighing-machines, belt conveyor for filled packages, and 
their pasting and packing in cases by specialized labor. 

Scouring-soap Base.—As cocoanut-oil is the best stock to use for 
soap of this character, its high glycerin content (upw’ards of 13 per 
cent) makes it desirable to recover it wherever the oil is used in amount 
sufficient to make the recovery of glycerin practicable. The prepa¬ 
ration of scouring-soap base from cocoanut-oil by the semi-boilerj 
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process has already been described. Its preparation by the boiled 
process Tails under Class I and is carried out in the same general 
manner as the preparation of soa[)-powder base. Owing to the 
peculiar nature of cocoanut-oil, its manipulation on the stock change 
is esseniially different from that of all other stock with the excep¬ 
tion of i)alm-kernel oil. 

Stock Change.—Cocoanut-oil re(]uires for its saponification by 
the boiled process caustic lye of not less than 20® He. and the pres¬ 
ence of lye always in considerable excess until after danger of the 
soap thickening from lack of it or br)iling over from sudden and 
general saponification has been passed. 'I'he procedure to be 
observed on the stock change of cocoanut or ])alm-kernel oil alone 
is essenliallv as folh)Ws: Whether st()<‘k and lye arc added succes- 
sively or simultaneously is immaterial; the presence of strong lye, 
either in the kettk* or readily available for ra])id introduction into 
the kettle when needed, is‘the material i)oint. With all the oil 
in the kettle a considerable ])ro]K)rtif)n of lye at 20° He. is added 
and boiling begun. Sai)onification will soon ensue, indicated by 
the mass becx)ming homogeneous, at which stage 20° He. lye is 
added continuously with vigorous boiling as long as it is absorbed 
by the oil. If saj)onification ensues more ra])idly than the lye needed 
is added, the mass tends to thicken, in which event more steam 
should be admitted and lye added ciuickly, even to the degree of 
graining the soap. 

Should saponification ensue rapidly with sudden evolution of 
heat, resulting in the contents rising (juickly in the kettle, lye, if it 
is at the time available, or cold water should be added for the 
double j)urpose of .cooling the mass and satisfying its alTmity for lye. 
With the danger of thic kening and swelling safely passed, the strength 


of the lye should be gradually increased to 25° He., but not in such 
excess as to grain the ‘soap. Hoiling should now be continued as 
with an ordinar}"^ tallow soap until the taste of strength remains 
permanent. Should it be desired to withdraw a neutral lye, the 
remaining strength after complete saponification has been assured 
may be taken up by the addition of a few dipperfuls of cocoanut-oil. 
Incompletely saponified cocoanut-oil soap, it must be observed, 
even though no caustic strength be present, has a taste at first diffi’ 
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cult to distinguish from that of strength. Cocoanut-oil soap, as 
has been exj)lained elsewhere, requires considerably more salt to 
grain than ordinary soap. 

Graining.—^Where considerable soap of this class is made 
it may be advisable to grain the first boiling with strong lye 
up to 35° Be., and to use the strong stock lye thus obtained 
on the 'stock change of a succeeding boil, which is then finished 
neutral and grained with salt. By this procedure the salt con- 
sum})tion for two boilings is reduced one-half and the content 
of glycerin in the second neutral stock lye is increased [)ractically 
loo per cent. 

To satisfactorily grain a cocoanut-oil soap with salt alone sufli- 
cient salt must be added to make the waste lye withdrawn a saturated 
salt solution containing ui)wards of 25 i)er cent of salt. And when 
the lye is withdrawn hot considerable soap is retained in solution 
which separates as a thick scum on cooling. This is removed and 
returned to the kettle on the stock or strengthening change. 
Graining with strong lye is easily (‘fleeted, it being sufficient to add 
the lye and lx)il it well through after each addition until clear hx 
separat(‘s. This lye is removed for subsequent treatment as sug¬ 
gested before. Where salt is recovered its consumption need not 
be such an item. The two procedures as suggested are ecjually 
practicable and their adoption will be determined by prevailing 
circumstances. 

Strengthening and Finishing.—Either of two procedures may be 
followed on this change: lye at 15° to 20° Be. in small amounts may 
be added and boiling continued either with or without the addition 
of water until the .soaj) closes, showing throughout an unmistaka¬ 
bly genuine caustic taste, or water may be added to close the soaj), 
which is then grained with 20° Be. lye and boiling continued as on 
the strengthening change. The former procedure is a combina¬ 
tion of the strengthening and finishing changes; the latter is the 
strengthening change. With the latter procedure, after the soap has 
been strengthened, the lye may be withdrawn and the soap brought 
to a finish by the addition of water, when it is ready to be used 
for mixing. Both procedures are equally practicable and the 
adoption of either will be determined by the thoroughness of 
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saponification on the stock change and the urgency of require¬ 
ments. 

Classes II and III .—The simplest treatment of a grained .soap 
involves merely the sajionification of the stock, separation of the 
waste lye by graining, and the closing of the soap with water or 
weak lye jirejjaratory to its further utilization. To insure com¬ 
plete .saponification a scjiarate strengthening change may be 
introduced if desired. Soaps made after this general manner 
are comprised under ('lass I, the chief members of which 
are the .soap bases for soap-powder and scouring-soap. Such 
soa]) is not settled and all the ingredients added to the kettle are 
removed. 


Under Class JI are coinpri.sed all j)roce.«.ses for .‘ioap-boiling 
whicli re((uire only a stock, strengthening, and .settling change. 
The most simply and fjuickly made settled soajis are included in 
tliis classification. By reference to the outline of the four general 
classes of jirocesses for making grained .soaps, the development of 
intricacy of manufacture may be readily traced. The difference 
lietween thi; ])roci>sses included under Class I and Cla.ss JI is that 
in the latter the soa]) is settled and a nigre remains in the kettle, 
while in the former all the .soa]) is removed. 'I'here is less difference 
betw'eeii the jiroces.ses included under Class II and Cla.ss III. By 
reference to the outline on i)age 281;, under Class 111 , greater thor¬ 
oughness is secured by the introduction of a wash change with brine, 
whereby any c-xcessive alkalinity or coloring-matter may be re¬ 
moved. 


Influence of Detergents on Textile Fibres.—For a thorough under¬ 
standing of the character and re(juirements of textile soaps it is desira¬ 
ble that the .soaj)-manufacturer, who su])plies a demand from the 
textile industry, be familiar with the ])ur|)()se for which his product 
is u.sed and the nature of the material to be cleansed. It is also 
desirable that the ])rofessional laundryman be similarly informed) 
for much of the friction arising between the manufacturer and ])ro- 
fe.ssional usct of detergents may be eliminated by a thorough under¬ 
standing on the ])art of the manufacturer of the work to be done 
with his ])roduct, and on the ])art of the user, by the adaptation of 
the most suitable-material to the fibre or fabric to be cleansed. 
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There are but four fibres used in the manufacture of articles of 
personal use and ornament, viz., cotton and linen of vegetable 
origin, and wool and silk of animal origin. These alone or in 
admixture form the multiplicity of fabrics in the manufacture 
and use of which, cleansing, and hence the use of detergents, is 
essential. 

Colton and linen ifi a pure state arc composed of cellulose, a com- 
j)ound which constitutes the woody fibre of plants. In a raw state 
they arc associated with various amounts of non-cellulose matter, 
amounting in the cotton fibre fo about 5 per cent, which is removed 
in the jirocess of manufacture. Wool and silk, built up by the vital 
activity of animal organisms, are of complex comjiosition and in 
their raw state are associated with secretory substances varying in 
amount with the fibre: with wool, according to its origin, from 20 
to 50 ])er cent and with silk from 18 to 30 per cent. As the term 
“detergent’* comprises all substances used for cleansing, they may 
for the moment be most simply classified as alkalis and acids. 
The chief members of each group will be considered in their in¬ 
fluence uj)on the resfieclive fibres mentioned. 

Cotton.—Dilute solutions of the caustic and carbonated alkalis 
in the cold, or when boiling, or under long exposure do not del- 
eleriously efi’cct the cotton fibre. Concentrated solutions of the 
caustic alkalis cause the fibre to swell and become transparent and 
when the alkali is removed by washing the fibre is thicker and 
shorter. When treated with dilute mineral acids and then well 
washed, the fibre is unaffected; but if dried without washing, the 
fibre is made brittle and soon disintegrates. Concentrated acids very 
materially alter the fibre. Organic acids, being much milder in their 
acid jiroperties than miniTal acids, are less injurious. Chlorine- 
gas, occurring commercially as bleaching-powder, behaves as an 
oxidizing agent, with the formation of hydrochloric acid as a 
secondary product. It should be used only in dilute solutions, 
for when used in excess, oxidation products arc formed with 
the compound of the fibre, both animal and vegetable, whereby 
its durability is greatly reduced. As linen is identical in its com¬ 
position with cotton, its behavior with the reagents mentioned is 
the same. 
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Wool. —Both dilute and concentrated solutions of caustic alkalis 
act injuriously upon wool, tending quickly in concentrated solution, 
and with long exposure in dilute solution, to dissolve the fibre. 
Dilute solutions quickly deteriorate the quality of the fibre by caus¬ 
ing it to lose its lustre, to shrink and become harsh, and to acquire 
the disagreeable-property of felting, as a result of the forcing apart 
of the outer scales of the fibre. The influence of alkaline’ carbo¬ 
nates depends upon the length of the period of exj)osurc and con¬ 
centration and temperature of the solution, being less harmful with 
dilute solutions at low temperature ahd less with potassium than 
sodium carbonate. Wool withstands well the action of dilute and 
fairly concentrated acid solutions, although under exposure in con¬ 
centrated solutions disintegration ensues. Silk, being a fibre of 
more delicate structure than wool, is consideral)ly less refractory 
towards the agents mentioned. 

Textile Soap. —As soaj) is a vehicle for free alkali, although the 
acid salt of the fatty acid is not without beneficial detergent value, 
it naturally belongs with the alkalis in the classification of com¬ 
monly used textile detergents. The requirements of a soaj) for tex¬ 
tile purposes is determined by the character of the fibre to be 
cleansed and the stage of manufacture of the fabric in which the 
soap is used. As most textile soap is u.sed in the woollen industry, 
because of the greater foulness of the wool fibre, the discussion of 
the use of .soap in this field will precede a discussion of its use in 
the cotton and silk industry. 

Wool Textile Soap—Scouring Raw Wool.— 'I’hc encrusting sub¬ 
stance of the wool fibre is of twofold character, viz., wool fat and 
wool pens] )i rat ion, .commonly called yolk, and con.sisting resj)ectively 
of mixed ethers of undetermined composition, a portion of which is 
unsaponifiable, and of j)ota.ssium .salts of volatile and fixed fatty 
acids with small quantities of sulphates, chlorides, and j)hosphates of 
pota.sh. The puqjose of wool-scouring is to remove the encrusting 
matter, wliich if incompletely removed, or if the wool has been 
felted or matted, the fibre cannot be satisfactorily dyed, carried, 
combed, drawn, s])un, woven, and fini.she(l. The yolk and dirt must 
be separated with the least injury'^ to the fibre. It is especially 
desired to avoid high heat and strong alkali. The temperature 
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of the scouring-balh should not exceed 125° Fahr. It is desired 
to use a soap that will dissolve freely at this temperature. It is 
generally agreed that any neutral soaji free from alkali and un¬ 
combined fat, without rosin, sodium silicate, mineral oil, any 
unsaponifiable substance or other filling material, is adajitcd for 
this purpose. A neutral olive-oil potash soa]) fulfils these require¬ 
ments,‘but its high cost militates against its use. It has the least 
delfterious efTect iqion the wool fibre and is of milder effect than 
a soda soap. The nutural occurrence of potas-h salts in wool-fat 
indicates the superiority of such a .soaj). A neutral soda soap free 
from filling, with addition of carbonate of soda, gives good results, 
the most suitable jiroporlions of .soap and soda-ash solution for 
wools of different (piality lieing determined by experience and 
careful exjieriment. Rosin is generally condemned as an ingredient 
of textile soaj); althougli of considerable lathering ])ower, it is diffi¬ 
cult to wash out and traces remaining act as a “resist’’ to the dye. 
Soaps made from oils of marked odor, as cocoanut or the .semi¬ 
drying oils, as cottonsec'd and corn, are also condemned, becau.se 
of the ])ersistence of the odor in the finished fabric, which is fre¬ 
quently noticeable in unboxing the goods. 

Scouring the Woollen Fabrics.—Subseiiuently to scouring the 
raw wool, it is oiled jirejiaratory to spinning, after which the yarn 
is woven into the fabric. .\s all oils used on the stock must be 
removed before finishing, only oils should be used that are easily 
saponifiable. Any animal or vegetalile oil of suitable odor may 
be used if it can be ea.sily .sajionitied and the resulting .soa[) di.s.solved 
at a temperature not e.xceeding 125° Fahr. Red oil is used al¬ 
most exclusively at the jiresent time. Its first use for this jiurjiosc 
was considerc-d a gri'at ste]) in advance in textile manufacture, as 
the cost of oiling was greatly reduced and the subsequent .scouring 
made cheape-r owing to its more ready removal. The .soaj) mo.st 
suitable for scouring the fabric is determined by the (juality of the 
goods and the nature of the material used in oiling. With wool 
oils of inferior quality a .scouring-soap of strong detergent power 
must be used. Mineral oils are generally condemned for oiling. 
They arc unsaponifiable and are, as a rule, used only for inferior 
goods. The proportion of soap used for scouring is variable and 
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averages from 15 to 20 pounds per 100 pounds of cloth. When red 
oil is used for oiling, scouring becomes comparatively easy and 
simple; with this oil 2 to 2.5 pounds of sal-soda may be substi¬ 
tuted for 10 pounds of soap. A good wool oil should supply the 
fullest lubrication of the fibre with the utmost ease of saponification 
and removal. Xhe scouring-soap should be made from stock 
approaching the general character of the oil used in oiling.’ 

Milling the Woollen Fabric.—The oliject of the milling or fulling 
process is to shrink the cloth by raising the outer scales of the fibre, 
whereby they may interlock and the fabric thus made more com¬ 
pact. No cloth can be satisfactorily handled unless the soap is 
adapted to its particular needs. With mills turning out a variety 
of goods, all cannot be satisfactorily treated and finished with the 
same grade of soap. With high-grade goods of unmixed fibre the 
most suitable soap is easily determined, but with mixtures of cotton 
and wool, cotton and worsted, wool and silk, a soap satisfactory 
with one fibre or mixture of fibres will be found unsatisfactory with 
other mixtures. The entire finish and beauty of the cloth dejiends 
upon its thorough clean.sing. The soap used should be free from 
alkaline silicates, which lend a harsh feel, and from rosin and semi¬ 
drying stock, as cottonseed- and corn-oils, the soaj) of which is difli- 
cult to comjiletely remove and tends to imjiart cloudiness, odor, 
and stickiness. 

Tallow, palm-oil, or a mixture of these stocks yields a heav- 
bodied soap of excellent fulling power and fair solubility. Owing 
to the high percentage of sodium stearate in jiure tallow soaj), it is 
less soluble. Palm-oil soap is sujierior to that made of tallow. 

Silk Textile Soap.—In the treatment of the silk fibre, soaj) is 
used for two purposes, vi/.., the separation of the fibre-encrusting 
matter, or silk glue, from the fibre, the thoroughness of the removal 
being determined by the equality of goods desired to be made, and 
in the dyeing process, soa])s of the same (juality being eijually satis¬ 
factory for both ])urposes. A neutral jiotash soaj) is commonly 
used for which olive-oil alone, or in admixture with })alm- or cocoa- 
nut-oils, is best suited. Owing to the sparing solubility of tallow 
soap at low temperatures, it is not adajited for silk-scouring. 

It is not necessary that the soap should be quite neutral: a slight 
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degree of alkalinity is rather of ad vantage, for the silk gum is rather 
more soluble in alkaline solutions than in neutral solutions: but 
an excess of free alkali in the soap should be avoided, particularly 
if that free alkali is present in the form of caustic soda, for this may 
affect the fibroin of the silk, making it hard and dull. 

I'he best soap for silk is a soft soap made from good olive-oil 
or lard-oil, for such soaps arc easily soluble and pleasant in odor. 
Hard soajis made from the same oils are generally used, particu¬ 
larly the olive-oil soap, for they are cheaper than soft soap. Palm- 
oil soap, cither hard or soft, does well, but is not so soluble as an 
olive-oil soa]). 

Tallow soaps are not suitable, and should not be used. Cotton- 
oil soaps are ai)t to be colored, while they also tend to become rancid. 
Palm-nut oil and cx)Coanut-oil soaj)s are excellent as regards being 
soluble and free from color, but thiy have a tendency to become 
rancid, which is rather objectionable. Castor-oil forms a very 
soluble soap, but the odor is rather objectionable. Soaps made 
from red oil are very good, being easily .soluble and free from odor. 

Cotton Textile Soaps.—In comjjarison with the consumjjtion 
of .soap in the woollen and silk industries, its consum])tive outlet in 
the cotton trade is inconsiderable. Cleansing or bleaching of the 
cotton fibre other than the removal of mechanical im[)urities is 
ajiplied only to the fabric. The harmles.sne.ss of dilute alkali and 
acid solutions ujion the cotton fibre eliminates the necessity of 
soa]) as a mild detergent, so indispensable in the woollen and silk 
trades. The chief clean.sing action to which the fibre is subjected 
is bleaching, which jirocess is essentially chemical and involves the 
oxidation or other chemical destruction of the coloring-matter. 

Stock for Textile Soap.—Potash .soaps made from olive-oil or 
olive-oil foots and associatcxl in use with carbonate of potash, 
form a combination that leaves both wool and silk in the finest 
condition as regards feel and ajipcarance and with least harmful 
effect upon the color of the dyed or printed fibric whether it be 
wool, silk, or cotton. The high cost of these materials, with com¬ 
petition, has made substitution necessary, and although the use of 
the stock mentioned is indisjiensable for high-grade goods, for 
goods of inferior quality, especially woollen, chcajicr stock is com- 
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monly used. Red oi) replaces olive-oil, and caustic soda, potash; 
pearlash is replacea by soda-ash. Cotlonseed-oil foots are used 
largely in the manufacture of the cheaper textile soaps. Oiive- 
oil foots and palm-oil arc seldom if ever used unmixed, but merely 
in quantities sufficient to impart their characteristic odor and color 
to a straight-tallow or good-grease soaj). 

The following is an analysis given for a typical mill ()r texule 


soap: 

» 

Water.25.3O per cent 1 From tallow, good grease, 

Fatly acids.b7.3i ‘‘ “ V ])alm-oil, olive-oil, or 


Combined alkali... 7.33 “ “ } mixture. 

A specification for scouring-soap could advantageously be as fol¬ 
lows: ThesoaiJ must not contain: (j) more than 30per cent of water; 
(2) more than i per cent of free carbonate unless otherwise stipu¬ 
lated; (3) it must have no free caustic soda; (4) it must contain 
no silicate i)f soda nor rosin soap unless so stipulated; (5) there 
must be no foreign mineral matter; (6) it must not contain nilro- 
benzol or other substances to disguise unpleasant odors; the odors 
should not be disagreeable when rubbed in the ])alm of the hand. 

A sjx'cification for a mill soap or a fulling soap could be drawn 
as follows. The material desired under this specification is a com¬ 
mon grade of soap and should meet the following conditions as 
near as ])ossible: (i) It must not contain more than one-fourth 
of T per cent of foreign mineral matter; (2) it must contain no 
.siiuate of soda nor rosin unless so stipulated; (3) it must have no 
free caustic soda; (4) it must not contain more than one-fourth of 
I per cent of uncombined carbonate of soda unless so stipulated; 
('5) it must contain no organic matter foreign to a jiure soap; (6) it 
must contain no nitrolienzol or other substance to disguise the 
odor; the odor should not be in the least disagreeable when rubbed 
in the palm of the hand; (7) the soa]) must be made up approxi¬ 
mately of 7 per cent combined alkali, 63 per cent fatty anhydrides, 
and the balance water. 

Soap for Printers* and Dyers* Use.—The calico printer warns a 
soap which is easily soluble in water, hence for this reason 
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Dalm-, oiivc-, and cocoanut-oil soapi? arc to bo preferred to a tallow 
soap, which is not very soluble. Tlic soap must be quite neutral 
in its pn)i)erties; if it contains any free alkali, this might act upon 
the colors anti alter their tints or cause them to bleed; alkalinity, 
however, is avoided Ijy care in making. Rosin, cottonseed-oil, and 
linseed-oil soa])s, from their ready solubility, whereby much alkali is 
liberate(V, cause ctdors to run or Ijleed, hence the use of those oils 
should be avoided in making calico-printers’ soaj). As it is some- 

I 

what dilTicult to make a j)erfectly neutral soajj from <'occ'anut-oil, 
the soai)-maker takes care to use little or none of that arlicl'*, more 
especially as it is not a chea]) soap-fat. Printers’ soaps shc'-uld not 
have any tendency to leavT any odor in the goods, or, if so, then 
this .should be a pleasant one. For tliis reason soaj)s mad;; from 
tallow, lard, cotton seed, and nut-oils are not good ones to use, wliile 
palm- and olive-oils make good soaps with rather pleasant odors. It 
therefore ha])iJens that, on account of the reasons here set forth, 
the calico-printer ])refers a soa]) made from palm- or olive-oils to 
any other kinrl of soaj), and, although he floes not object much to 
tallow soap, yet he carefully avv)id^ any soa]) which contains roan 
or colton.seed-oil. In ])reparing cotton goods for dyeing, a wider 
choice of soa])s is aA'ailable, and any fairly good make of soap may be 
used; ])erfect neutrality i-; not necessary—in fact, a slight amount 
of alkalinity is of benefit rather than otherwise, as it helps to cleanse 
the cotton. A soap made from any of the soap fats enumerated 
above, alone or mixed together, may b.‘ used. Saa]) is in some 
methods of dyeing added to the dye-bath, and such soap is re(|uired 
to be of better (juality than that used in cleansing the cotton. It 
ought to be neutral, so that it will not have any action on any colors 
dyed in the soa[) lifjuor; a strongly alkaline soaj) might alter the 
shade of chry.samine, for instance; it shouUl not be liable to im¬ 
part any unj)leasant odors to the cloths. For these reasons the 
best soaps to use are ])alm-oil or olive-oil, or a soajj mad(; from 
a mixture of those fats. For soai)ing cotton goods after dyeing, 
which is, however, not often done for the same reasons as .«et forth 
above under printers’ soa])s, ])alm-oil and olive oil soaps are those 
to be recommended. The woollen-dver only uses soaps after he 
has dyed his cloths for the pur])ose of assisting in the milling, and 
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he finds that a good soap made from tallow, or palm- or olive-oil, 
gives him best results; it should not be strongly alkaline, although a 
slight degree of alkalinity is of but little consequence, for it is gener¬ 
ally neutralized by the trace of acid which is invariably present in 
woollen g(K)ds after dyeing, and this acidity of the goods and the 
alkalinity of the s^iap tend to neutralize one another. Before woollen 
yarns and cloths are dyed, it is usually necessary to remove any 
oily matter which they may contain. This is done in a soap liquor, 
and a very common soaj) for this purpose is one made from bone- 
fat and coitonseed-oil. Occasionally rosin is added. It is not 
needful to have a neutral soap; in fact, a little alkalinity is rather 
desirable than otherwise, as it helps to emulsify the oil in the goods 
and so makes its removal rather easier. The soap ought to be one 
which is fairly easily soluble in water, so that it can be readily washed 
out of the go(Kls after they have been treated, as any left in might 
tend to ])r(Kluce defects, such' as unevenness in dyeing. 

Manufacture of Textile Soap.—In consideration of the require¬ 
ments of textile soap previously discussed, the stock available com- 
jjrises chiefly olive-oil foots, red oil, grease of good quality, and 
cottonseed-oil. The resulting soap may be either hard soap made 
with caustic soda, or soft soap made with caustic potash alone or 
in admixture with caustic soda. The manufacture of soft soap has 
been discussed in the section devoted to semi-lx>iled soap. As 
neutrality is the prime essential of textile soap, its manufacture 
falls under Classes 11 and 111 . As the combination of stock is 
variable according to the varying requirements of different con¬ 
sumers, attention at this [dace will be directed only to the combina¬ 
tion of red oil with alkali. In the manufacture of toilet-soap base 
and of floating soaj), the mani[)ulation will be discussed in detail, 
and as the procedure of operation is the same, the directions aj)[)lying 
there apply with equal force to the manufacture of hard textile soaj). 

Red Oil.—Red oil is the liejuid [)ortion of the fatty acids, separated 
from steari(' and palmitic acids, obtained in the decomposition of 
tallow by either the distillation, autoclave, or Twitchell process in 
the manufacture of candle-stock. It is of varying composition, 
according to the process and thoroughness of the decomposition, 
the non-acid matter consisting of undecomposed glyceride and 
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hydrocarbon oil. Being an acid body it combines immediately 
with caustic lye of all strengths. This characteristic necessitates 
a dilTerent metho ! of procedure in effecting combination with 
alkali tlian is retjuired for nt:utral fats. Oleic acid, having stronger 
acid ])roperties than carbonic acid, is able to disjdace the latter 
from combination with alkalis, thus permitting its saturation with 

i" 

alkali by means of soda-ash. As red oil is a satisfactory stt>ck for 
soay)-])owder base, either alone or in admixture with neutral stock, 
directions for its combination with caustic soda or soda-ash may be 
followed in its utilization for that ])urj)ose. Red oil, being deglycer- 
ized ulein, yields no glycerin, hc'nci' waste lye from stock changes, 
in which it is used i xclusively, should be withdrawn neutral and 
dLscarde:!. Wliether red oil is used alone or in combination with 
neutral fat of firm body as tallow will depend iijjon the degree of 
solubililv- desired in the finislu'd soaj), or in general u])on the s]>eci- 
ficalions demandt'd of any ])articular textile soa]). if less red oil 
than tallow is used, the latter may be saj)onified first and the ex¬ 
cess of strength remaining maybe taken u]) by the red oil, after the 
same general ])rocedure as hfilowed in the sa])onification of tallow 
and cocoanut-oil for toilet-soap base. We -are concerned at this 
place with its treatment alone either with caustic soda or soda-ash. 

Combination with Caustic Soda.—Theoretically oleic acid com¬ 
bines with 14.19 per cent of caustic soda, or with j)ractically it 
equivalent weight of 20° Be. caustic lye. The simjjlest treatment 
is to add all the lye of this density reijuired for combination to the 
kettle and then to add, with vigorous boiling as rapidly as it is com¬ 
bined with alkali and uniformly mixed throughout the mass, the 
reel oil to be used. As combination proceeds, should the ma.ss 
tend to stiffen and retard even boiling, water may be added. If 
strength remain after thorough boiling, oil should be added in suffi¬ 
cient quantity to take it uj). Should this jirocedure be found im- 
jiracticable, oil may be added to an excess of caustic lye, and, after 
combination is under wav, oil and Ive mav be added at the same 
time, but slowly, and with the latter always in excess sufficiimt 
to prevent bunching or general stiffening of the mass. With red 
oil, soaj) may be quickly and easily made, and by removing exce.ss 
of strength by the careful addition of oil, a neutral waste lye after 
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graining may be withdrawn. The ease of combination of red oil 
with alkali well adapts it for removing traces of strength from waste 
lye previous to treatment for evaporation. 

Combination with Soda-ash.—As oleic acid combines with 
14.19 per cent of caustic soda, the following proportion gives its 
combining weight with sodium carbonate or soda-ash: 

Na2C()3:2NaOH: rX: 14.19; 

106 Ko 

A' = i8.8 per cent of soda-ash theoretically requircil for combina¬ 
tion. The combining weights of all fatty acids may be expressed 
in terms of sodium carbonate by multi])lying the percentage of 
(austic soda absorbed by 1.325. This jicrcentage of .sodium car¬ 
bonate is present in a 24° Be. solution. The requisite amount of 
dry ash to saturate a given weight of red oil may be adde.! to the 
kettle and sufficient water added to dissolve it to form a solution 
of not less than 30° Be. Solution is eiTected by the aid of steam, 
and when complete the weight of red oil to be saturated by the 
weight of soda-ash is slowly added, boiling meanwhile. Combina¬ 
tion ensues at once with rapid evolution of carbonic acid gas, which 
combined with too rajiid addition of oil or too vigorous boiling, or 
lx)th, may cause the contents of the kettle to boil over. As combination 
ensues the mass thickens from the formation of soaj) and boiling 
jiroceeds less evenly. As the evolution of gas ceases, completion 
of combination is effected by the aildition of caustic lye, which will 
vary in strength and amount by the thickness of the soap. For¬ 
mation of a neutral soa]) is effected as already described. Owing to the 
varying acidity of red oil the estimation of the exact amount of soda- 
a.sh reijuired is not jiracticable and it is not necessary, as whatever 
neutral oil may be present can be killed only with caustic soda, 
which is also required to bring the soap to the proj)er consistency 
for graining. From tlie percentage already derived the superior 
economy from the point of alkali used may be calculated from the 
following relations: 100 ])ounds of oleic acid reijuire 14.19 pounds 
of caustic soda or 18.8 pounds of sodium carbonate for saturation. 
These are theoretical figures; in practical operations they will be 
exceeded according to the purity of the materials. 
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The following practical directions for effecting combination of 
fatty acids with soda-ash relate j)articularly to fatty acids prepared 
by the Twitchell j)rocess, but are ai)plicable to fatty acids obtained 
from any source Ijy any process: 

If the deglycerinized fat contain 95 ])er cent or over of free fatly 
acids u,sc ig ])er cent of 58 per cent soda-ash. If under 95 per 
cent but over go per cent use i8 per cent of soda-ash. Start with 
an empty kettle and pumj) into it enough hot 30° Be. soda-ash solu¬ 
tion to sujjjdy the a])ove mentioned ])ercentage of ash, or make the 
solution directly in the kettle by adding llie ash to the proper amount 
of water in the kettle and boil until dissolved. A little less than the 
calculated quantity of water should be added at the start, so that 
when the solution has been made and heated to boiling it will not 
be much under 30° Be. Bring the soda-ash solution to a strong 
l)oil with o]X‘n steam and run in the fatty acids. Continue adding 
fatty acids slowly and boil vigorously, so as to get rid of the gas 
given off as quickly as ])()ssible. If the soaj) rise high in the kettle, 
try sloi)])ing the addition of fatly acids for a few minutes, but con¬ 
tinue boiling vigorously. If the soaj) droj), the addition of fatty 
acids should be continued. A ])oint, may, however, be reached, 
generally when about three-fourths of the fatty acids have been 
added, when it will be necessary to boil more gently to keej) the 
kettle from boiling over. It is, however, desirable to boil as vigor¬ 
ously as ])Ossible without boiling over from the start until all the 
fatty acid is in and all the soda-ash laki-n uj) and the gas ex])elled. 

After the ash has all been taken \i]) and the gas ex])elled, caustic 
is added and the soa]) boiled until it no longer takes up caustic, 
just as would be done in killing stock with caustic in the regular 
way. I’he soa]> may be settled immediately after the saponifica¬ 
tion, or, what is belter, given a salt change and strengthening change 
and settled in the usual manner. Such soap will be identical in every 
respect in washing jmquTties, filling properties, and appearance and 
keeping qualities with soaj) made from the same slock by caustic. 

It is very imjjortant in sa[)onifying with ash that no more ash 
than the stock will take up be used, and that the boiling be thor¬ 
ough enough before the caustic is added, not only to use up all 
the ash present, but also to drive out all the carbonic-acid gas liber- 
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ated. If caustic be added while soda-ash is still unconsumed in the 
kettle, the soda-ash will be lost. Also if there be any f^as unex¬ 
pelled when the caustic is added it will take up an equivalent amount 
of caustic to form carbonate, which will be a loss. 

Rosin may be previously dissolved in the slock and saponified 
with it or it may be saiionified separately, using ash, and jiumjied 
in the kettle after the saponification of the stock has bcL‘n com¬ 
pleted. 

By the above method there is no difl'iculty in sajionifying a 
charge for the largest sized kettles used in a half day if the stock 
is supplied as it should be, while small kettles lake a shorter lime 
and in all cases the time is but little longer than would be required 
to stock the same kettle in the usual way. 

Of course fatty acids can be sajionified with caustic the same 
as the neutral stock if desired, the only dilTerence being that the 
lye must be put in the kettle first and the stock adrled, the same as 
would be done in saponifying red oil, which is a fatty acid. 

Fatly acids are esjiecially well adapted for making soft soaps 
with jiotash, thus recovering all the glycerin, by the preliminary 
jirocess, which is retained by the soap when neutral fats arc used. 

Castile Soaps.—Oenuine castile soa]) is made liy settling a jnire 
olivc-oil-soda soap, but link* of which is made to-day owing to the 
high cost of olive-oil. Olive-oil is rejilaced either jiartially or com- 
])letely by jicanut-oil, cottonseed-oil, and light-colored red oil. d'a!- 
low also may be used in varying amount up to the degree that the 
characteristic slimy lather of soaj) made from olein-stock may not be 
(lestroy(‘d. Olive-oil foots is the basis of the so-called green castile 
soaj), w^hich is likewise replaced in varying amounts by the same 
substitutes for olive-oil. The j)ale-green color of the soap may 
be heightened by the use of suitable organic coloring-matter. Soap 
of this kind is used for toilet purposes and is not, as a rule, filled. 
So-called castile soap is practically identical in composition and 
methods of manufacture to the oli\ e'oil soda soaps for textile pur¬ 
poses. Stock j)ro])orlions for a good imitation castile soap com¬ 
prise 65 per cent of olive-oil and 35 per cent of tallow. For green 
castile soap olive-oil foots may be re])laced by tallow in amounts 
varying from .25 to 75 per cent; in the latter case chlorophyll com- 



320 AMERICAN SOAPS, CANDLES, AND GLYCERIN. 

pound may be used to restore the color of a straight foots soap. 
In their behavior toward saponifying agents olive-oil and olive-oil 
foots do not differ greatly from tallow. The procedure of manu¬ 
facture is described in the section devoted to toilet-soaj) base. 

Marine or Salt-water Soap.—The specifications for salt-water 
soap issued by the Ilureau of Supplies and Accounts of the Navy 
Department of the United States rc(]uirc that such soap must be 
well made from jiurc cocoanut-oil and the necessary alkalis only. 
It must be entirely soluble in both sea-water and fresh water, and 
make a good lather in using, and must be free from filling of any 
kind. When received, the bars shall weight 3 avoirdu[)ois jiounds 
each and shall contain: 

Carbonated alkali (eijuivalent to NayCO;^) between 2 ])er cent 
and 3 per cent; 

Free alkali (equivalent to NaOII) not more than 0.50 per cent; 

Salt (NaCl) not more than 3 per cent; 

Mineral matter, including silicate of soda, sulphate of soda, etc., 
not m;)re than 0.50 per cent; 

Water not more than 53 y)er cent; 

Balance to consist exxlusively of cocoanut-oil combined with 
the ])roper amount of alkali to form a neutral soap. 

I'his soap may be made by the semi-boiled process, as described 
in the })rei)aration of cocf)anut-oil .soap for .scouring soap, without 
recovering the glycerin. By this process ii may be transferred directly 
to the frame and crulched by hand until sufiiciently cool. Filling 
not above the j)roj)ortir)ns limited by the .sj)eciric ition may be 
added to the kettle and incorjjorated by boiling. The high glycerin 
content of cocoanut-oil makes it desirable, wherever this stock is 
used in sufficient quantity, that the glycerin be recovered. This 
may be done after the same general procedure outlined before for 
abstracting the glycerin from scouring-st)ap base. Soap made for 
mixing with silex is finished much thinner than is possible for satis- 
factor}' settling preparatory to framing. 

d'he stock change for marine soaj) is practically as has been 
described for cocoanut-oil soa])-base for scouring-soap. The soap 
may be grained with alkali or .salt and the stock lye withdrawn 
with strength or neutral. If with strength, the same may be 
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recovered, according to the (luanlity* present, by either work¬ 
ing the lye over on the slock change of a subsequent boiling or by 
Ijoiling it up with suthcient stock to combine with it, whence the 
lye is run to the storage-tanks. If grained with alkali, sufTi- 
cient caustic may be mechanically retained to render necessary 
the addition of but little strong lye on the strengthening change. 
After removing the strong stock lye, the soap is Ixiiled up, either 
with or without the addition of much water, according as the water 
of condensation may sulTice to close the soa]). As the soa]) closes 
and becomes neutral 18*^ to 20° He. lye is added until the soaj) is 
open, and Ixnling is continued throughout the day. After j)rolonge(l 
Ixuling, should the soap tend to close with excess of strength jmesent, 
saturated j)ic.kle, or l>rine, should be added. Steam is then turned 
off and the lye allowed to settle out. 'Fhe jdckle .serves to keep the 
soap open when no caustic lyi‘ is n-quired and facilitates the .se])a- 
ration of the strength. /I'lie strength lye is withdrawn to .storage- 
tanks or to another kettle to be worked over with fre.sh .sKxk. 

Ccx(.)anut-oil soap cools (juickly and becomes very firm. The 
degree of hydration to be effeclc'd on the settling change to satisfy 
the requirements of the sjxrificalion, vix., not more than 55 per cent 
of water, mu.st be determined by experience. After the ])ro]XT con¬ 
sistency has been obtained by the addition of the reijuisite amount 
of water and boiling, the soap may be framed at once and crulched 
in the frame until stiff. If fillefl (the restriction of carbonated alkali 
to 2 to 3 per cent corresjxmds to the addition of 8 to 10 j)er cent 
of 36° H(\ soda-ash solution) the soap is run directly to the crutcher 
and c(X)led, and filled, according to the s])ecification, and is then 
framed. 'This .soaj) is ready to strip on the day after framing. 
C(xoanut-oil soajj permits of a large amount of filling either of 
detergent mattiT as carbonate and .silicate of .s(xla or of inert matter 
as alkaline chlorides. 

Boiled-down Soap.—Soft stock, as red, corn , and cottonseed- 
oils, is not adaj)ted when used alone to the manufacture of un¬ 
filled, grained, and settled soa]), to be described, owing to the soft¬ 
ness of the finished product and its resulting wa.stefulness in u.se. 
This softness may be counteracted by the addition of suitable fill¬ 
ing, as saturated .soda-ash solution and sodium silicate, to the soap 
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after havinj; been finished very coarsely in the settling change, 
and also by depriving the soap, i)rcvious to framing, of a portion 
of the associated water. The latter procedure yields the boiled- 
down soaj). This modification of the grained ])roccss is, therefore, 
adapted to the utilization of very soft stock as red oil, soft grease, 
cottonseed-oil, cottonseed-oil soa]>-3tock, and rosin in combination. 

I 

Considerable soap of this equality was formerly made, but now 
only in diminishing quantities .and for certain classes of trade. 
While a good durable soap from suitable admixture of firm and 
soft stock, or from soft stock of good quality alone, may be m.adc 
according to this jiroccflure, in jiresent jiractice, soft and generally 
inferior stock is commonly used. Such soap h.as been almost 
completely displaced by filled settled rosined soap. .\11 boiled-down 
soap is characterized by short texture. It is generally cut and 
stamped without pressing. With the exception of milled soa]), but 
little dehydrated soap is now made, whether for household or toilet 
purposes, the tendency being toward a firoduct which combines 
most satisfactorily a maximum degree of hydration and firmness 
of body. Attention will be directed first to so-called “oleine” soap, 
which is a firm-bodied soaj) made from soft stock and rosin. 

Procedure. —The general method of Class T is followed until 
the comj>letion of the strengthening change. The use of rosin neces¬ 
sitates an extra rosin change, the procedure of which is described 
on page 338. 'I'lie combination of red oil with caustic soda or 
sodium carbonate is described on page 318. The procedure of 
strengthening is described on page 340. 

After withdrawing the strengthening lye, water is carefully 
added with thon)ugh boiling until the soap is brought to the consist¬ 
ency of a soft, flat grain. Should an excess of alkali remain it nicay 
be removed by either the .addition of sufficient cocoanut-oil to absorb 
it or by the introduction of a jnckle change, whereby it is removed 
in the pickle lye. 

Water of condensation from the live-steam coil may suffice, 
wdthout the further addition of water, to bring the soaj) to the de¬ 
sired finish. Where soap of this quality is made the kettle should 
be provided with a closed steam-coil. With soft stock making a 
thin soap and cooling slowly, a mottle does not form. After the 
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desired consistency on the finish has been obtained, the soap, after 
a few hours’ settling, is ready to be framed. Tt may be run directly 
to the frame and hand-crutched or to the crutcher, as with settled 
soap, where it is cooled and then framed. If made in large amount 
and filled with either sodium carbonate or sodium silicate or both, 
it is necessary to cool it to 140-150° Fahr. and subject it to the 
same treatment as a settled rosin soap. Mu(;h sodium-carbonate 
solution is not advisable, owing to the readiness with which soap 
made from soft stock sweats and eflloresses. 

The dehydration, according to the jirocedure described, is not 
elTected by boiling down as much as it is by not adfling the wate*" 
required to settle the soaj) in the ordinary way. Genuine boiled- 
down soa]> is very firm soaj) from soft stock subjected to boiling 
on brine, whereby the water is abstracted from the soap and trans¬ 
ferred to the brine. The density of the brine determines the 
degree of dehydration of.the soa]). 

After .settling out the jiickle, the .soap is framed pure and crutched 
by hand until cool, although the power crutcher may be used as well. 

Bv the use of the crutcher for cooling the soaj) is made homo¬ 
geneous at a low ti-mperature, whereby the characteristic ajipearance 
arising from .slower cooling by hand is destroyed. 

The Mottle.—'Fhe term “mottk'd,” as ajiplied to soaj), refers 
to a characteristic discoloration of the natural body of the soap 
arising from the incorporation of mineral salts of characteristic and 
varied color and j)roduced by their exclusion from the firmer soap 
into softer soap during the j)rogres^ of cooling. The same effect 
may be jiroduced to a degree in cold-jirocess soajD by adding a 
small amount of mineral coloring-matter of the color desired to the 
soaj) before the period of .sj)ontaneous heating and working it through 
by dexterous use of the hand crutch. The mottle in this case is 
more of a streak than is the characteristic mottle j^roduced by sclcc- 
tii'c sejiaration as in the ordinary mottled soaj:). 

Mottle is the result of crystallization, which is a process of puri¬ 
fication whereby all foreign matter, as far as conditions allow, is 
expelled from the crystallizing or solidifying body. In the forma¬ 
tion of mottle this expulsion takes place from soap solidifying at 
a higher temperature into soap solidifying at a lower temperature, 
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whence further expulsion is impossible and the foreign coloring- 
matter remains on cooling mixed wiih the softer soap. This be¬ 
havior will be more pronounced the more fluid the soap and the 
slower the cooling. Under these conditions a coarse mottle ensues. 
With the soap more open, it is less fluid, cools more rapidly, and 
as a result the selective separation occurs only .slightly, if at all, 
forming a general discoloration or only a fine mottle. With the 
intermediate condition, wherein the .soap cools neither too slowly 
nor too quickly and is of stock of the l)est ])roj)ortions of stearin and 
olein, whereby the desired conditions of fluidity and temperature 
are best attained, the characteristic a])pearancc known on cooling 
as “mottle” most satisfactorily develops. 

Mottled Soap. — The procedure emjfloyed in the manufacture 
of genuine mottled soaj) is the same as ff)r ordinary settled .soap 
up to the settling change. Beyontl (his (he morlification emjfloyed 
for mottled soaj) is of very limited a])])licati()n in American ])rac(ice. 
There is no better ]jrf)ce.ss for the manufacture of gcmeral pur]K)sc 
soap than the grained, settled ])rocess, and any dei)arture from it is in 
the direction of so])histication and inferiority of ])roduct. For toilet 
purpo.se.s a mild neutral soaj) is desired, likewise for textile purjxxses, 
while for df)mestic use, a soajj who.se natural fletergency is increased 
by the addition of 8 lo per cent at the maximum of combined car¬ 
bonate and silicate of soda solutions satisfies the requirements. 
Where greater detergency is desired than may be effected by the 
soaps mentioned, soaj) powder and the carbonated and caustic 
alkalis are available. Where for toilet and domestic use, detergents 
inferior to those mentioned find sale, the intelligimce and yiurchasing 
capacity c)f the consumer are low, and which market the reputable 
manufacturer with pride in his protlucts .seeks only as a last re.sort. 

The mottled or marbled appearance of .soaj) is a vestigial charac- 
teri.stic of early days of the industry marked by primitive methods 
and the use of impure material. Soap as a manufactured com¬ 
modity did not then exist as it docs to-day. With .social progress 
and the growth of improved industrial methods, materials, and 
competition the mottled appearance which the consumer had 
associated with purity, notably in the case of castile soap made from 
oh^’e-oil and impure caustic soda, was retained but produced by 
different means in cheaper material. In American practice the 
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native stock was limited in variety, being at first exclusively tallow 
and later, as the demand for special soaps increased, cocoanul-oil 
was added. Previously the value of rosin as a stock ingredient was 
demonstrated, and in very recent years cottonseed-oil has become 
extensively used. The tendency has been to limit the variety of 
stock available ,and its general quality has been lowered by the 
more remunerative outlet of the better grades, in other industries. 

In European practice vegetable stock, notably olive-oil, was 
early used, and in later years, owing to the greater cost and less 
abundance of animal fats, the variety of stock of vegetable origin 
has increased. More vegetable stock is used abroad in j)roportion 
to animal stock than in domestic practice. As the mottle was 
first produced with oil stock, its persistence has been confined to 
soap made from that stock and to soaps y)urporting to be made 
from it. And as the amount of vegetable oils used in the United 
States is very small comj>ared with that of tallow, together with 
the use of rosin and the high hydration of the* finished jiroduct, 
mottled soaps for household purposes have never been popular in 
the United States. Manufacture of the old-style mottled soap 
requires working with comparatively small batches. With kettles 
of immense capacity as arc now common in the United States, the 
satisfactory incorporation of inert salts to produce a mottle would 
overtax the ingenuity of the most skilful soa])-boilcr. In Germany, 
where this type of grained soap is extensively made, conditions of 
production are quite different from those jirevailing in the United 
States, there being upwards of 3000 separate soap-boiling estab¬ 
lishments in the German empire. These are necessarily small 
and the production of small batches of large yield is the rule. 

Unfilled Mottled Soap.—Soft stock is killed, rosined, if rosin is used, 
and strengthened as with an ordinary settled soap. If it be desired 
to purify the soap by the partial separation of a nigre, water is care¬ 
fully added and boiled through until proper conditions for the sep¬ 
aration of impurities by settling arc obtained. Unfilled soap, likc*- 
wise heavily rosined soaj) or soap of any kind made from soft stock, 
should invariably be settled with a coarser finish than is given soap 
intended to be filled or any soap made from firm stock. After 
standing for the requisite time—a day or two may suffice*—the nigre 
is pumped out from below into another kettle. To the remaining 
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soap is added 25° Be. brine and the whole well boiled through. 
The purpose of the ])ickle change is to withdraw the excess of water 
added to the soap during the p revious settling change for the sci)a- 
ration of nigre. The amount of pickle needed and its density will 
dei)cnd u])on the amount of waler to be removed from the soap, 
and the consistency or grain in which it is desired *0 leave the soaj) 
for upon this depends the proper development of the mottle on the 
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Fig. 143.—Central American Plant for Mottle*! Soap. Boiling Either with Steam 

or Direct Fire. 

cooling of the soa]) in the frame. If the soap is left too open, it 
will not have the right degree of fluidity and will cool too quickly 
to allow of the proper dissemination of the mottle throughout the 
mass. If left too close, the soaj) will be too fluid, will cool too slowly, 
and the coloring-matter will be uniformly distributed throughout 
the mass without the development of a distinct mottle. 

After the removal of the pickle lye the proper condition of the 
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grain may be obtained by the addition of water, when an excess 
has been withdrawn the lye. It is thus seen that the proper con¬ 
ditions for mottling may be obtained by boiling a closed soap on pickle 
to withdraw water, or by adding water to a soaj) already grained. 

Mottling Agents.—With im])ure materials, mineral salts and 
natural coloring;-mattcr were suflicient to produce the mottled 
elTecl. It may be cmphasizel by the use of insoluble mineral colors 
Soluble colors should not be used, as they disseminate too readily. 
The most commonly used dyes are Venetian red, ultramarine blue, 
yellow ochre, and cop])eras, or ferrous sulphate. The last gives a 
greenish mottle which on exposure turns red from the oxidation of 
ferrous to ferric suljjhate. The i:)ro})ortions to be used vary from 
4 to 8 ounces per joo pounds of soa]). The (juantity of dye for the 
soaj) to be mottled is thoroughly mixed with a ])ortion of soa]) from 
the kettle, after which it is returned to the kettle and the whole 
boiled through. The soap is then run into frames and crulched by 
hand to 130° to 140° Fahr., or until after danger of the mottling 
agent settling to the bottom of the frame has passed. 

Soaj) framed in the o])en condition ])eculiar to mottled soap is 
very comj)act and has a short, brittle texture, and, unlike a settled 
soap, will not })ress satisfactorily. It is, as a rule, cut into bars of 
various shapes and weights and stamped. 

Filled Mottled Soap.—Cocoanut-oil soa]) possesses the j)ropcrty 
of assimilating before separation large amounts of solutions of 
common salt, sodium carlx)nate, and sodium silicate. This pro])- 
erty is likewise possessed by palm-kernel oil. This stock mixed 
with tallow in the proj)ortion of one ])art oil and tw'O parts tallow 
and saj)onified wdth strong lye at 25® Be. in small batches by the 
semi lx)iled process can be made to incorporate as high as 30 ])er 
cent of silicate of soda and W'ater, making a yield of alx)ut 200 j)ounds 
of product from too pounds of stock. By reversing the proportions 
of oil and tallow or by eliminating tallow entirely the capacity of 
cocoanut-oil soaj) to assimilate alkaline salts will permit a total yield 
of i)roduct of over 300 })ounds. The addition of a mottling agent to 
the mass of .soap and salts in the kettle before framing permits of the 
formation of a characteristic mottle on cooling in the frame. 
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Class IV. Rosined Soap. Requirements of Household Soaj). Stock. 
T’reparation and Us(' of Caustic Lye. Stock Chanj^e. Stock Lye. 
Rosin Change. Rosin l.ye. Strenj^theninij (dian'jc'. Strength 
Lye. Settling Change. Nigre. Ctilization of Nigre. Killing 
Rosin with Soda-ash. Duration of a Roil of Soa]). Crutching. 
Filling. Operating Crutcher. I'Vaming. Yield of Soaj). 

Class IV. Rosined Soap.*—The term “rosined” as a])plied to 
.soap has reference to the fact that at a certain stage in the manufacture 
of a soap from tallow, or mixed tallow and oil, commonly cotton¬ 
seed-oil when soft stock is used, rosin in a solid state is added to 
the kettle and combined with caustic soda, the resulting comjwund 
called .sodium resinate being incor})oraled with the soap and im- 
j)arting to it its characteristic ])roperties. Rosined .soaps constitute 
the greater proportion of all soap made and sold in English-speak¬ 
ing countries. While a few Slates in the .sou1hea.stern part of the 
United States enjoy a ])ractic.al monopoly of the ])roduction of 
rosin, the English were the first manufacturers of rosined .soap. 
Americans, however, greatly im])roved it, and, after the clo.se of 
the Civil War, during which the jiroduction of naval stores was 
prostrated, demonstrated the value of ro.sin as an ingredient of 
soap for domestic or household purjioses. At this time the use 
of a saturated solution of sodium carbonate, to impart a firmness 
to soft-bodied soap and to increase its detergency, was introduced — 
first, it is claimed, by A. Van Haagen in Philadelphia. I'he im¬ 
provement in the appearance and quality of rosined soap by the 
incorporation of varying proportions of soda-ash solution greatly 
increased its popularity. Owing to its superior detergency and 
cheapne.ss it .soon replaced tallow .soaps of inferior quality made at 
that time by ver\' primitive methods. At this time sodium sili- 

* Sec outline of the four general classes of processes for the manufacture of grained 
soap, page 28<>. 
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cate came into general use by the larger manufacturers and came 
soon to be regarded as an essential ingredient of rosined soap. 

Rosin in no sense can be regarded as an adulterant of soap. 
On the contrary, notwithstanding what oljjeclions may be asso¬ 
ciated with its use, it is a valuable and, for soaj)s for many pur¬ 
poses, an indispensable ingredient. Its compound with alkali, 
while not a true soap, possesses marked detergi.‘nt properties. Its 
cheapness, its soft body when combined with alkali and the ready 
solubility of this com{X)und in cold and hard water, and its ease 
of combination with alkali and incorporation with true soap, 
whereby the firmness and com])arative insolubility of the latter are 
reduced, make rosin an essential ingredient of all soap for domestic 
use. It is urisuited for use, however, for all soaps where light 
color is desired, likewise for textile soaps, as exi)lained in the section 
devoted to that subject. 

Requirements of Household Soap.—For general domestic use 
a soap is required that dissolves readily, i.e., lathers freely in both 
hard and soft water, that contains no free alkali, and that does not 
contain alkaline filling in excessive amount. By an excessive 
amount of alkali may be unflerstood both free and combined al¬ 
kali j)resent in the soap in such })roportions that with the use of 
the soaj) the hands, fabric or color of the fabric, or any object cleansed 
in the general course of household work may be more or less in¬ 
juriously alTected. White settled soaj) made from tallow does not 
fulfil these rec^uirememts although made of superior stock. 

The jmrpose for which a soap is intended should determine its 
composition; the ])urpose having been determin(‘d, such admixture 
of st(K'k should be selected as will jx*rmit the highest detergency 
and economy in use with the least injury to the user or the object 
cleansed. Such a soaj) may be made of tallow in admixture with 
grease or cottonseed.oil (price permitting) and rosined from 90 to 50 
per cent, according to 1 he quality desired; the whole thoroughly saponi¬ 
fied, settled, and incorporated with 6 to 8 per cent of 36° Be. soda- 
ash solution and silicate of soda. By reference to the outline of 
the general processes of manufacture of grained soap the final proc¬ 
ess is that applicable to the manufacture of rosined soap. While 
soap made by this process is the cheapest in point of cost, it repre- 
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sents the other extreme in skill required to produce from given 
materials an article of the highest (]uality. 

Stock. —The quality of the stock used is determined by the gi’ade 
of soaf) desired to be made; the j)ro])ortions of dilTcrent stock equally 
available from the ]>oint of quality are determined by the relative 
prices of competing stock, it being endeavored with -soap of a definite 
standard of quality to maintain that quality at the lowest cost. 
As ’•osin is the characteristic ingredient of this grade of soaj), the 
glyceride stock is selected on the basis of the percentage of rosin 
it will carry with the maximum brightness and firmness of the fin¬ 
ished product. As the general effect of rosin is to soften and darken 
the soap, the color and firmness of the glyceride stock should be 
in inverse projiortion to th(‘ quantity of rosin usc'd. As a general 
rule, however, in practice the quality of the glyceride stock is shaded 
to the percentage of rosin carried and the selling price of the fin¬ 
ished jiroduct. Tallow and grease with varying ])ro])ortions of cot¬ 
tonseed-oil, according to the ])rice of the latter, form the glyceride 
stock commonly used. In some* brands of rosint'd soap cocoanut- 
and jialm-kernel oil are used. The grade of rosined soaj) ])roductd 
is determined by the (juantity and cjuality of rosin used. From qo 
to 40 per cent of rosin on the basis of glyceride stock rejiresent the 
common extremes. WG or WW rosin should be used when the 
percentage is large. As a rule it is better to rosin good stock 
high, quality of the finished jiroduct permitting, than to rosin inferior 
stock low. With lower grades of rosin the color rapidly increases, 
the soap being thereby greatly deteriorated in this respect. 

Preparation and Use of Caustic Lye.—Caustic-soda lye is best 
prepared from commercial caustic of 74° grade, the caustic require¬ 
ments for a given kettle charge being conveniently estimateil for all 
practical purposes by the proportion of a given weight of .stock 
(.stearin, olein, and palmitin) requiring an equivalent weight of 20 ° 
Be. lye. It is by no means necessary that all the lye needed be pre¬ 
pared at this den.sity. It is, as a rule, diluted in the pipe by water 
from a convenient water connection as it flows from the cau.stic melt¬ 
ing-tank to the .soap-kettle, the proper adjustment of lye and water 
for any given density being readily ascertained by experience. 

In the preparation of caustic lyes of different densities from 
various grades of caustic, the influence of the impurities, chiefly 
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TABLE XXI.—SHOWING THE PERCENTAGE OF SODA, Na^O, IN A 
CAUSTIC LYE AT THE TEMPERATURE OF 60“ FAllR. AND THE 
QUANTITY OF MIXED FATS WHICH MAY BE SAPONIFIED BY THIS 
LYE. ('I'lINNERMANN.) 





Quantity i)f 




Quantity of 




Mixed Pats 




Mixed Pats 

SiM'cific 

Gravity. 

Dcgroc<; 

Per Cent 
of Soda 
Na/). 

whii'h May 
be Saponi¬ 
fied by 100 

Specific 
Gravit y. 

Degrees 

Baume. 

Per Cent 
of Soda, 
Na./). 

which May 
tn- Saponi¬ 
fied by 100 


^ Baumi'. 


Parts 1)1 



Parts of 




Lye. 




Lye. 

1 .05 

6 

3.626 

. 3.3 

I . 2392 

27 

13.11 

1.39 

1. 05«7 

7 

4 231 

39 

I ■ 24,3.3 

28 

17.714 

145 

1 . 0^73 

9 

4X3.'; 

44 

' - 2 . 31.3 

28.3 

16.319 

151 

1.0764 

10 

. 3-44 

50 

1.2378 

29 

16.923 

1.36 


II 

6.044 

. 3.3 

1.2642 

.30 

17.318 

162 

1. 0^48 

12 

6.648 

61 

1.2708 

.30.3 

18.132 

167 

1.1042 

I.T.S 

7 ■ 25.3 

66 

1-2773 

. 3 ' 

■8.7.3 

17.3 

I- 11.^7 

J.S ’ 

7 «S 7 

72 

j. 2843 

31.6 

19-. 34 ' 

179 

« 

16 

8.462 

7 « 

1.2912 

32.4 

■9.94.3 

184 

' ■ 

17 

(). 066 

83 

1.2982 

. 3.3 

20.55 

190 

1.1428 

18 

9.67 

89 

I-.3053 

. 3.3 ■ 5 

21.134 

19.3 

1.1328 

19 

10.273 

9.3 

1-3123 

.34 

21.738 

201 

1. 163 

20 

10.871) 

TOO 

I .3143 

. 34-2 

21.894 

202 

I 1784 

21 

11.484 

10.3 

1.3198 

. 34-5 

22.363 

206 

1.1841 

22 

I2.088 

11 r 

1.3273 

3.3 

22.967 

212 

1.1048 

2.^ 

12 ( H )2 

117 

I ■ .3349 

.3b 

23.572 

217 

) . 2038 

24 -.'; 

1.3 2()7 

122 

1.3426 

.3b. 7 

24.176 

224 

1.2178 

2 .S 

1.3 901 

128 

I • 3.30.3 

.38 

24.78 

229 

1.22S 

2 b 

14.306 

1.34 






Calc'ulalfcl on a chtTnically pun- basis. 


sodium chloride, .sodium carbonate, and sodium sulj)hale, is to re¬ 
duce the active value of the solution for the specific gravity indi¬ 
cated. 'I'his reduction in sajionifying power is least for the highest 
grades and greatest for the lowest as a natural result of the increased 
percentage of these imjiurities jiresent. There has been arranged 
in the table on page 07, Table XI, the percentage of sodium hydrate 
present in lyes of different densities, made of the usual grades of 
caustics, corresponding to the densities of lye made from chemically 
pure caustic. It is assumed in the common specific gravity tables 
that the total alkali fs present entirely as caustic, w'hich never actually 
occurs. The figures stated for reasons previously given are generally 
slightly higher than would be found in practice. In the Appendix 
appears a table calculated on the basis of the actual caustic alkali 
commonly occurring in the commercial grades of caustic which for 
accuracy is more to be relied upon than one calculated on a chem¬ 
ically pure basis. 

The density of lye used depends upon the character of the stock, 
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the nature of the change, and the stage of the change. With 
the slock commonly used for rosined soaj), lye above 15° Be. at the 
beginning of the stock change should not be used; saponification will 
not only jiroceed with diflicully but it will be necessary later to add 
water to create conditions necessary to the easy boiling of the mass. 
The various grades of tallow work best with an initial density of 
not over 15° Be.; cocoanut-oil, 20° Be.; coltonsecd-oil and similar 
neutral .stock require a density of 12° 15° Be. An excess of caustic- 
lye retards sajioniiication by graining the mass, in which condition 
combination cannot ensue. Lyes of suitable density sajionifv easily 
because the soap dissolves as fast as formed, the mass passing 
(juickly from an emulsion to a clear ]xiste. 

Stock Change.—With mixed tallow and cottonseed-oil stock the 
tallow .should be added first and killed and the excess strength 
takc'n lip with the oil. Tallow or grease is received at the factory 
cither in barrels or by tank-car. In the former case it may be run 
by gravity directly from the stock steamer to the soap-kc-ttle anci 
lye at 15° Be. add(‘d simultaneously. Wlien received by tank-car 
it is first weighed and pumjied to a storage kettle, which may be 
either the .soap-kettle in which it is to be utilized or a sejiaratc tank 
or kettle, from which it is run either hy gravity or })ump into the 
saponifying-kettlc'. Saponification may be .started by either the 
simultanc'ous or .succes.sive addition of stock and I3T. With stock 
and l\^e at 15° Be. running in, steam is turned on and the mixture 
boiled vigorously. After .sajionification has once begun the lye 
should not be adfled in such excess as to retard it, but its addition 
should be adjusted to the volume of tallow added, .so that with 
constant boiling it will be taken up by the talkiw almost as fast as 
added. In the saiionification of two fats that differ in their ease 
of combination with caustic lye of a given density, one .saponifying 
best with a weak lye and the other with a strong lye, they may 
be added either simultaneously and killed with a lye of intermediate 
den.sity, or the most easily saponified stock may be added first and 
killed, increasing the density of the lye as saponification jiroce^itls 
and towards the close leaving considerable excess of strength in 
the kettle to be exhausted by the more difficultly saponifiable slock. 
Should for any reason the sup])ly of lye be deficient, as for instance 
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an interruption in its addition, or a quickening of the rate of saponi¬ 
fication, the soap will stiffen often throughout its entire mass and 
require prolonged boiling to melt and reduce to a satisfactory state 
This occurs most frequently with ra])idly saponifying stock, as 
cocoanut and ]jalm-kcrnel oils and to a less degree with tallow 
stock. 'J'his sudden, general saponification may^be retarded Jiy the 
quick addition of strong caustic lye or pickle and vigorously boil¬ 
ing it through. With ordinary care in the use of neutral animal 
stock and the more dilTicultly saponifiajjle vegetable oils as cotton¬ 
seed-oil, little danger need be ajiyirchended from the contents of the 
kettle boiling over; but with cocoanut oil, which saponifies very 
readily with strong lye with evolution of considerable heat and 
resulting swelling of the contents of the kettle, care must be exer¬ 
cised lest the very -fluid soap boil over. This tendency may be 
checked by shutting off steam and adding water or strong lye, the 
pLiqiose being merely to c(k)1 the soap or locally grain it, thereby 
jiermitting the egress of steam. After saponification is well under 
way and the greater part of the stock and lye have been added, the 
density of the lye may be gradually increased. With all the slock 
in and absorjilion continuing, lye is added at 20° lie. in small amounts, 
with gentle but thorough boiling after each addition. If after succes¬ 
sive additions of 20° He. lye the strength remains fairly permanent, 
but in no great excess, boiling should be continued slowly until it 
is absorbed. 

Tn the jfliraseology of the kettle-room, “killing stock” is liber¬ 
ating glycerin from combination in a fat and introducing the soda 
of the caustic solution in its place. The sa])onification of tallow 
is a process re(juiring three stages for the complete elimination of 
the glycerin and combination of the soda with the fatty acids. 
While these stages do not admit of exact definition in the soap- 
kettle, they manifest themselves in certain characteristic conditions 
which are familiar to every soap-boiler, viz.j the emulsion formed 
on admixture of soaj) and lye, the pasty mass obtained on steady 
lx)iling, and, lastly, the final condition resulting from boiling the 
pasty mass with an amount of lye. sufficient for com})letc saponifi¬ 
cation. Hy means of chemical formuke, we are able to graphically 
represent the three successive stages of .saponification. 
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Stearin, 

CH20fC,8H3r,0) 

ClKXCisH^r.O) 

CH20(C,8]l3r.()) 


. CH.OIT 
CH()(C, 8 H 3 .,()) 
CH 2 (){C,«II;i 50 ) 


cii20ir 

CHOU 

Cll20(C,8H3ft0) 


Glycerin, 

CH2OH 

cnoH 


Raw Materials. 

Caustic soda, 

3NaOH 


I. Emtti.sion. 

Soap, CigHs-sONaO 
Caustic* soda, 
2NaOH 

]L Pasty Mass. 

Sc^aj), (' 1 8 H 3 r ,0 • NaO 
Caustic soda, 
NaOH 

111. Clear Soap. 

Soap, 

3 C] 8 H 3 :. 0 -Na 0 


On the completion of saponification the contents of the kettle 
have assumed a clear homo^enc^ous mass in which is present every- 
thinff that has been added durin«jt this stage, vi/.., soap, glycerin, 
water, some caustic soda in excess, and some salt, sodium car¬ 
bonate, and sulphate* introduced as impurities with the caustic lye, 
togethi*r with whatever mucilaginous matter or animal tissue that 
may have been ])rcsent in the stock. If saponification has been 
comjilete, there will be* no free or unsa])onified fat. 

Physical e:onelitions indicating comjiletion of saponification are 
easily recognized anel ceimjirise the entire absence of a greasy feel to the 
soap when cooled and ]jrcsscd between the fingers; it should be of 
short texture and not stringy, anel on cooling dry, and easily pressed 
into chips. In the utilization of steick lye for glycerin, which we 
shall sec later ceintains the greater j^art of the glycerin removed dur¬ 
ing a boiling of soaj), it is better te) leave the soap with a small amount 
of free stock and have the stock lye neutral than to have the stock 
completely saponified and such excess of caustic in the stock lye 
that it is necessary to work it over with fresh stock to recover it. 
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With uniform treatment of successive boilings the soap can be brought 
to a certain condition with a fairly constant but small amount of un- 
killed slock and with no free alkali in the stock lye. For the maximum 
separation of glycerin on the stock change it is recommended that the 
density of lye used throughout the change should not exceed 15° Be. 
and the soap grained with dry salt. The volume of waste lye formed 
with caustic lye of this density is claimed to contain the maximum 

amount of glycerin. With the stock completely killed and an excess of 

• 

alkali present, the same may be neutralized by the addition of a suffi¬ 
cient amount of fresh slock or rosin to neutralize it. While it is desircxl 
to kill the stock as thoroughly as possible on the st(x:k change, if it in¬ 
volves the presence of strength in the waste lye in excess of 0.4 per 
cent, the treatnient suggested should be followed. The stock change 
is primarily to elTect combination of the stock with caustic soda 
whereby the elements of water are absorbed and glycerin is set free, 
which on subsequent graining is discharged into the stock lye, which 
should be free from caustic alkali. Therefore the absorption of 
the last p{)rtion of alkali re({uired should be eflectcd with care. 
Organic reactions proceed more slowly than do inorganic reactions, 
cs])ecially towards the close, and recjuire intimate admixture, effected 
•n this case by prolonged boiling, to make them comjdcte. 

Graining.—At the close of the stock change the soap should 
be without turbidity and free from stringiness, due to the presence 
of unkilled stock, and should fall from the inclined paddle in clear 
transparent flakes of short texture. I'he body of the hot fluid 
soa]) dej)en(ls upon the nature of the stock used and the amount 
of water ])resent. With a given degree of hydration, tallow forms 
the firmest soaj) and is most easily grained; cocoanut-oil the most 
•fluid soaj) and the hardest to grain; olein stock as cottonseed-oil 
is intermediate. A tallow and cottonseed-oil soap will be satis¬ 
factorily grained with. 7-10 }>er cent of salt in the stock lyc; a 50 
per cent cocoanut-oil soap with 15-20 per cent; graining a 100 per 
cent cocoanut-oil soap with salt alone is very unsatisfactory, as the 
grained soaj) is highly contaminated with salt and considerable 
soap remains dissolved in the hot lye, which separates on cooling. 

In cx[)eriments made to ascertain the behavior on saponification 
of a mixture of stearic, oleic, and palmitic acids towards an amount 



33^ AMERICAN SOAPS, CANDLES,, AND GLYCERIN. 

of alkali insufllcicnl for their complete saponification it was found 
that there was no selective absorption. This fact, however, is not 
applicable when soaj) made from these acids is grained, for their 
respective solul)iIities, not only in water but in salt solutions, differ. 
With the stock thoroughly killed and the soap neutral, it is ready 
to grain. Dry salt is shovelled in and uniformly scattered over the 
surface of the soa)>, lK)iling the soap well uj) to the top of the kettle 
mecinwhile. The amount of salt recpiired is soon ascertained by 
experience as well as by the a])])earance of the soap. After each 
addition of salt it should be wc'll boiled through and the appearance 
of the soap noted. As water is withdrawn from the soap to dis¬ 
solve the dr\' salt, it loses its transj)arency and assumes a grain¬ 
like consistency, the individual “grains” being as large as a bean 
or as small as wheat*s(‘ed, according to the amount of salt added 
anti water withdrawn from the soaj). Twenty thousand pounds of 
killed tallow re(|uire about 8 or 9 bags (200 lbs. each) of fresh salt. 
On the first a])pearance of lye se])arating {hv addition of salt should 
cease and the contents of the kettle well boiled through to secure 
intimate admixture of the waste lye. When the separated lye runs 
clear and with no scj)aration of soa]) on cooling, the soap is sulli- 
ciently grained. It is flesired to elTecl the sej)aration of the maxi¬ 
mum amount of clear lye with the least amount of salt; this re([uires 
thorough lK)iling of the soap so that the salt and pickle may be 
intimately mixed with the soa]> and the maximum dehydrating 
effect obtained. Steam is now turned off and the lye allowed to 
settle out. 'Fhe length of time re(juired for the separation of the 
waste lye is variable; two hours may sulfic(', but it is customary 
to devote the entire day to the stock change and allow the lye to settle 
out overnight. On the following morning tlve stock lye is with¬ 
drawn and either pumped to the glycerin refinery or reserved in 
storage until it is convenient to utili/.e it. 

The percentage absor]ition of alkali of various grades by the 
different stocks most commonly employed in American practice is 
shown in the following table. 

The variation in the amount of alkali absorbed by different 
fats and oils, likewise the variation in the amount of alkali absorbtid 
by any particular fat or oil, arises from differences in the composition 
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TABLE XXII.—POUNDS ('AUSTTC SODA OF DIFFERENT GRADES 
REQUIRED TO SAPONIFY loo POUNDS OF S/POCK. 


Siiap-stDik. 77 J I\t Ci-iit. I 7(1 Per Cent. | 74 Pit Cent. 


Tallow. 7-J4 1 i.s 07->4 37 

t'otlon-oil. 13.(>14.0 1.^ S7-14.28 14.24-14.07 

(\Koanut-oil. 17.5-17.7 17.84-18.05 18.32-18.54 

Olive-oil. 13 6-14 o 13.87-14.28 14.24-14.07 

Palm-kerne I oil. ... T . . . ' 5 - 7 -I 7-7 16.01-18 05 16.44-18.04 

Palm-oil. 14 0-14.4 I4.28-jI4.(k) 14.6/7-15.01) 

Rosin. 12.1-14.0 12.34-14.28 1268-14.67 


SnEi,i)-stii( K. 7 j Pit Cent. 70 Per Ceiit. (10 Per Cent. 


Tallow. 11 74 ->.S 1 *^ i 5 .i 7 -i 5 - 6>2 17.70-1S.22 

(\)tlon-oil. 14 64-15.07 15.10-15 50 17.57-18 cx) 

('oroaniil-oil . 1884-19.10 19.37-19.6)0 22.61-22.88 

Olive-oil. . . 14.64-15.07 15.10-15.50 17.57-18.oi)* 

Palm-kernel oil. r6 90-19 10 I 17.39-19 60 16 12-22.88 

I’alm-oil. . 15.07-15.50 15.50-15.95 18.09-18.61 

Rosin. . . 13 03-15.07 13.40-15 50 16.00-18.09 


f)f lilt' irlyccridc.s llicmst'lvc.s, and from the varying projiortions in 
which the glycerides occur in any ])arlicular sample. Wc know 
that fats and oils are indefinite mixtures of various glycerides, and 
the amount of alkali absorbed is influenced by the nature of the 
glvcerides characteristic of the slock. The amount of alkali re- 
(juired for neutralization decreases as the molecular weight of the 
glyceride increases, hence we find that those commercial fats and 
oils in which glycerides of low molecular weight occur po.sscss the 
highest alkali ab.sorption. The increa.sed quantity of salt required 
for graining such stock is due to the })resence of those glycerides 
of low molecular weight who.se greater solubility in brine of the 
sodium salt is a marked characteristic. As the glycerides increase 
in molecular weight the solubility in brine of the soap obtained 
therefrom diminishes, hence less salt is reejuired for graining. In 
Table XLVlll, i)agc 679, is shown tlic saponifying power of caustic 
lyes of different densities, made from chemically pure and from 
the ordinary grades of caustic occurring in the market, in terms of 
tallow. By reference to this table the amount of stock that can 
be saponified by any quantity of lye of the density and quality 
staled may be readily determined within limits of accuracy suitable 
fpr 4II technical purposes to which the table may be applicable. 
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I 

Stock Lye,—From analyses of stock lyes withdrawn from a 
tallow-cottonsecd-oil soap the following average analysis may be 
accepted as representing high efficiency of practice. 


Per Cent. 

Total alkali, calculated as NaOH. 0.37 

Salt.■. 9-10 

Glycerin.. 6.50 


The total alkali in a .stock lye of this character is almo.st entirely 
carbonate, present as an imparity in the commercial caustic, indi¬ 
cating that all the active strength has been withdrawn from the 
lye. With insufficient graining the stock lye on cooling in storage- 
tanks will separate .soaj) var^’ing in amount with the deficiency of 
salt. The volume of stock lye withdrawn is indicated by the depth 
of subsidence of the soap in the kettle. 

Rosin Change.—'I'he handling of rosin always involves more 
or less inconvenience, its dust and stickine.ss being a fertile source 
of annoyance. The l)arrels may be brought in the kettle-room 
and the rosin broken uj) in front of the kettle, or it may be reduced 
in the yard and conveyed to the kettle in cars or trucks, or to a 
floor over the kettle into which the entire contents of the car arc 
di.scharged at once, or where the amount used is great it may be 
reduced ti) uniform fragments over a grating, through which it 
falls either into a car or into the boot of a belt conveyor, which con¬ 
veys it to a horizontal conveyor running over the kettles, into any one, 
of which it may be discharged at will. (Sec Fig. 48 ) AfliT with¬ 
drawing the stock lye, steam is admitted to the grained soap and 

rosin is added by any of the methods alx)ve suggested. If added 

\)y hand the addition of rosin continues, as a rule, for several hours, 
during which time only sufficient steam is needed to keep the soap 
hot and slowly to melt the rosin. With all the rosin in the kettle 

a considerable amount of lye at 20° Be. is now adder! and boiling 

vigorously begun. Combination ensues immediately and continues 
rapidly. Lye at 20° Be. is added as required, a deficiency being 
indicated by lack of strength in lye, the soap tending to close and 
by uncombined rosin distributed through the mass. Toward the 
end of the change, with rosin almost completely killed and sufficient 
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caustic lye in excess, should the soap tend to close from long boiling 
with live steam, whereby water is introduced, dry salt is added in 
amount sufficient to keep the soap open. Throughout the entire 
change the mass should be kc[)t open, first with 20° Be. lye until 
no more is absorbed and finally with dry salt. With the soap open 
the combination of rosin is facilitated by greater intimacy of con¬ 
tact with the lye and a more thorough discharge of, the coloring-matter 
is practicable. Rosin, being an acid body, will combine with 
caustic lye of any density, but for greatest case and ({uickness of 
operation, a strength greater or less than 20° should not be used 
at any time on the change under normal conditions. 

'rhe degree to which the soap is grained may vary, but this does, 
not effect the comliination of alkali with rosin as it does with 


glyceride stock; the former is a direct saturation, the latter is an 
interchange of the reacting bodies with ihe absorption of water 
and with the formation of two dissimilar substances. 

To effect combination quickly and not unduly to prolong the 
change, the fragments of rosin should not be larger than a man’s 
head, otherwise jirolonged boiling for melting is necessary. Care 
should be taken that all the rosin is melted and combined. With 


de(‘])ly dished kettles rosin may sometimes lodge in the cone and 
resist the action of heat. The rosin change is most e.'isily carried 


out and jiroduces the darkest lye. It is made with but a small 


part of the swelling that always attends the saponification of glyceride 
stock. With the soaj) open and lye with marked but not excessive 


strength anrl with the assurance of the absence of uncombined rosin, 
steam is turned off and the rosin lye allowed to settle out. The time 


required for the rosin change depends upon the weight of rosin 
killed and the (piickness with which it is added to the kettle. Under 
ordinary conditions the rosin is added during the forenoon and 
the change sati.sfactofily completed in the afternoon. 

Rosin Lye.—^.\ccording to the jirocedure described for the 
rosin change the rosin lye is withdrawn with strength, which is a 
more or less general practice at present and formerly w'as entirely 
so. The rosin lye is highly charged with impurities, which when 
withdrawn with strength have to be encountered when the lye is 
worked over to - recover the strength. Moreover, its removal for 
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purification involvc'S care and expense. The amount of glycerin 
as based on tlu* jiercentage content and volume of the lye is not 
large. A modification of the procedure of boiling at this stage 
may be effected with ecjually satisfactory' results from the stand¬ 
point of both the soap Iroiler and glycerin-refiner as follows : 

Stock Change.—Kill the stock throughout the change with 15° He. 
caustic* lye. drain with dry salt and withdraw the lye neutral. 

Pickle Change,— Add sufficient water to just close the soap, 
boiling meanwhile, and grain with dry salt. The purpose of this 
change is to wash out the .glycerin mechanically retained by the 
soaji after withdrawing the stock lye. Both stock and jiickle lye 
are bright in color and neutral. 

Rosin Change.—Kill the rosin as already described, but leave the 
soaj) o])en f)n salt alone, with entire absence of strength. Discharge 
this highly colored and neutral Ive to the sewer. Hv introduc- 
ing the ])ickle change betwi'cn the stock and rosin changes, the 
glycerin otherwise discharged into the im])Lire rosin lye is removed 
in the clean ])ickle lye. This arrangement may be described as 
a com])romise between tlu- soa])-l)oiler and the glycerin refiner, 
inasmuch as the former dc-sires to effect the maximum discharge 
of imi)urity into the waste lye, while the latter desires to receive the 
lye neutral and with a minimum amount of impurity. Again, the 
])ickle Ive may be dispensed with and the rosin lyt- withdrawn neutral 
as above suggestc-d, but .saved for glycerin. The es.sential ingredi¬ 
ents of such a lye are indicated by the following average analysis: 

.\lkali, NaOH. 0.26 percent 

Salt. g.oo “ ‘‘ 

(llycerin. ^,50 “ “ 

As shown, no more salt is reejuired for graining than on the stock 
change. 

Strengthening Change. The strengtlu-ning change is an auxil¬ 
iary change in that it .serves to com])lete the work of previous changes. 
It is im]K)ssible to withdraw neutral waste lyc- and leave comjfietely 
saponified stock. Even where no ])ains are taken with the caus¬ 
ticity of wa.ste lye, much .stock escapes sajxmification as .shown by 
the ;dkali absoriition of the strengthening change. The strengthen- 
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ing change also serves as a wash change, for much color is discharged 
by the alkaline lye. Trealmenl on this change, as with all others, 
varies with different soap-makers and also with the same one accord¬ 
ing to conditions. To the grained soaj), after withdrawing the 
rosin lye, sufficient water may be added, boiling meanwhile, to just 
close the soaj); 20° Be. lye is then added with constant boiling 
until the soaj) is again opened and boiling is continued, with soap 
maintained in this condition by the addition of 20° Be. lye as^ fast 
as it may be absorbed and tlie soap tends to close. Lye of greater 
strength should not be used unless the.])resence of water in the kettle 
or a considerable addition of the same by condensation from the 
live-steam coil may serve to dilute the lye, but even with these con¬ 
ditions a density of 20* Be. suffices. An excessive* amount of lye at 
20° Be. should not be used. It should be added gradually as 
rapidly as absorbed, and when the absorjition ceases the strength 
jiri'sent should not be greatc*r than what is reepiired for keeping 
the soa]) open. Towards the close of the change with sufficient 
strength [iresent for the reeiuirements of absorjition, should the 
seiap tend to close upon prolonged boiling, it should be hejit o[)en 
by the addition of jiickle the density of which is determined by 
conditions of hydration in the kettle. With much water and the 


soa]) thin, 20°-25° Be. brine may be used; with the ^oaj) thick 
and boiling explosively, brine at io°-i2° Be. may be used. Scrap 
from jirevious boilings should be adfled on this change, preferably 
at first to insure melting and thorough incorporation. 

To the grained soa]) at the start, caustic lye at 12° 15° Be. ynay 
be added without the addition of w'aler and the open condition 
may be maintained as already described. The combination of the 


last traces of reacting bodies, ])articularly where one or both are 
of organic origin, proceeds slowdy and often best in concentrated 
solutions. In the case in (juestion the condition reipiiring con¬ 
centration is su])])lied by the use of strong lye. 

The density of the lye added, the degree of graining, whether 
lye of low density is added directly to the grained soap and the 
wdiole boiled until closed, the use of live steam or closed steam, 
or both, etc., are matters that vary with each ojierator. No dry 
salt .should be .added on this change; one ])urpose of the change 



342 


AMERICAS,SOAPS, CANDLES, AND GLYCERIN. 


is to Icach out the salt from preceding changes retained mechan¬ 
ically by the soap. The soap should be boiled until the excess of 
strength is permanent and with the soaj) well open, when steam 
may be turned olT and the strength lye allowed to settle out. Under 
ordinary conditions one day at least is requirecl for the change. 

Strength Lye.—An average strength lye from settled rosined soap 
made acx:ording to tl^e procedure described will analyze as follows: 

• Alkali, NaOH. 6.38 per cent 

Salt. 4.32 “ “ 

(llyceria.1. 3-30 “ “ 

Absorj)(ion of caustic on the strengthening change means the saponi¬ 
fication of residual free stock and liberation of a corresponding 
amount of glycerin, but ])ractically all the glycerin was liberated 
on the stock change, yet it has been present in considerable amount 
in each waste lye subse(|uent to the stock lye, indicating how tena¬ 
ciously it is retained by the soap. I'he strength lye is of the least 
volume of the three waste lyes, in this respect standing third. The 
stock lye is of largest volume and contains not only the highest 
percentage content of glycerin, but also the most in absolute amount. 
The rosin and strength lyes in volume and absolute amount of glyc¬ 
erin jiresent stand in the order mentioned. Jt is withdrawn usually 
on the morning following the strengthening change and is either 
held in storage or added at once to another kettle for treatment 
with fresh stock to recover the strength, or added to the grained 
nigre or stock change of other boilings, where it assists in the saponi¬ 
fication of fresh stock. 

It is not so dark as the rosin lye, but yet ^•ery highly colored. 

Settling Change.—The character of treatment on the si'ttling 
change determines the success of the boiling. Deficiencies on 
previous changes may be corrected on a succeeding change, or by 
repeating the change, with but little trouble, but with the settling 
change any deficiency allowed to jiass until it is recognized only 
when the soap is cnitched means not only the loss of time involved 
in cooling but the trouble and exjiense involved in heating to the 
boiling-point a kettle of cooled soap and of removing the excess 
of water by graining. 
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After withdrawing the strength lye, the open &t>ap is boiled 
up with the addition of water until it is closed. Free alkali may 
be present in such amount that with prolonged boiling the soap 
refuses to close, in which event steam should be turned olT, the 
soap allowed to settle for an hour or so, and the strong lye withdrawn, 
after which boiling is continued with the addition of water until 

9 

the soap closes. Additions of water should” be made now very 
carefully and only after each addition is well boiled through’ and 
its effect noted. The degree of hydration on the settling change 
is determined by the tjuality of stock used and the quality of soap 
desired to be made. With sofl-bf)died slock, as grease or cotton¬ 
seed-oil, or tallow stock heavily rosined, or firm stock, as tallow arid 
cocoanul-oil, the soap of which is to be unfilled, as castile soap, 
milled soaji-base, and flojiling soa]), the settling should be coarse, 
witii but a comparatively slight degree of hydration. Soaj) to be 
filled with soda-ash solution, of recognized hardening effect, as 
tallow stock lightly rosined, may be settled finer or thinner, i.e., 
more heavily hydrated than the various kinds of soaps just men¬ 
tioned. With the conditions of settling reversed, the nigre will be 
large and the yield of good soap small. 

With any excess of free alkali sufficient to prevent closing removed 
as described and water ailded with continued boiling until the soap is 
joined or closed, additions of water are made as rapidly as it is incor- 
jiorated, the soap meanwhile swelling up in the kettle and becom¬ 
ing stiffer aftc:r each addition of water is taken up. With stock 
thoroughly saponified, there will be no absoqition of alkali on the 
settling change. The soap should be tasted from time to time 
to observe the causticity. If after the addition of much water the 
strength has been absorbed and there is a slight tendency to stringi¬ 
ness, strong lye, according to the degree of hydration of the soap, 
should be added. Should this condition appear early weak lye 
should be added, but not in such excess that that which remains, 
after satisfying the demand for lye, cannot be neutralized practi¬ 
cably with cocoanut-oil. 

Addition of water should cease when the soap boils up regularly 
with but little steam and rolls over with a stiff surface, breaking 
into placques, or saucer-like depressions, which retain their firm- 



344 


AMERlCih! SOAPS, CANDLES, AND GLYCERIN. 


ness and transj)arency from the centre to the circumference of the 
kettle. The aj)j)earance which ])r()per]y settled soap displays on 
boiling is characteristic and well defined, but requires experience at 
the kettle, with the manipulation of steam and the addition of water, 
to jiroduce. Should the addition of water be excessive, the firmness 
of the soaj) necessar}^ to produce the appearance described is de- 
stroyed 'and the surf/lce is flat, in which event it is necessary to grain 
the soa]) with strong lye, 35°-qo° Be., suflicient to just separate lye. 
After settling out this lye, the operation of settling is rejieated. How¬ 
ever, a flat surface does not always indicate an i-xcess as mucli as 
an inconijilete assimilation of the water. With continued boiling 
th(‘ soaj) may regain its firmness. 

If it be desired to finish tlie soap neutral, cocoanut-oil may be 
added toward the close and well boiled through. Not only is the 
free alkali elTectiially neiitrali/ed, but the a[)pearance of the soap in 
the kettle, as well a-, in the fmislied form, is thereby greatly improved. 
Well-settled soap should glide from an inclined trowel in broad, 
tenacious, transparent flakes, without shortness—indicating p(X)r 
joining —or thinness and stringiness — indicating an excess of 
water. 

Tt is desired on this change to leave the soap in such a degree 
of liydration —indicated by its physical appearance in the kettle 
and when taken u])on a trowel —that on standing for a period suffi¬ 
cient to cool the soa]) to a temperature of 140°-!50° Fahr. it will 
sei)arate into two distinct j^orlions, viz., good soap and nigre. Dur¬ 
ing this ])eriod, the length of which is determined by the volume of 
.soaj), its degree of hydration, and the tem]>eraturc, or the season, 
the contents of the kettle arrange themselves in the order of their 
specific gravities, the soaj) tending to rise to the top, whereby the 
jicrcentage of soap in that jiortion of the contents of the kettle is 
increased and the impurities, being heavier, tending to subside. 
As a result of this interchange, the more highly hydrated soap with 
the im])urities is in the lower ])art of the kettle and the firmer soap 
is in the ui^per part, both })ortions with a good settle being separated 
by a sharp line of demarcation. 

Nigre. Satisfactory st'jjaration of impurities, chiefly organic 
matter derived from the stock and rosin and not completely sepa- 
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rated by graining, and the relative amounts of good soap and nigre 
depend j)rimarily upon the hydration of the soap. In introducing 
conditions essential to the formation of nigre, as noted before, there 
are two extremes, vi/-., an excess of water to such a degree that the 
nigre com})rises almost all the soap, and a deficiency of water, 
whereby the soa]) not l)eing com]detely joined the contents of the 
kettle on standing and cooling resolve themselves into two ])drtions, 
viz., a little lye at the bottom, and .soaj) the lower portion of which 
is more discolored, but the whole mass o])en. It is aimed by the 
addition of water to strike the medium of these two extremes, but 
ap])roaching the latter more than the former. And the latter ex¬ 
treme .should lx‘ a])]»roached to a greater degree with soa]) made 
from soft stock, or intended to be untilled, tlian it is with soaj) made 
from firmer stock. /I'he maximum .se])aration of im])urities with 
the minimum volume of nigre, which is sim])ly heavily hydrated 
sf)a]) highly cluirgetl with imi)urities, can be determined only by 
ex])erience. "rhe volume of nigre naturally varies, as a rule, between 
25 and 35 per cent of the total contents of the kettle. The length 
of the settling ])eriod re(|uired for the formation of nigre and the 
rate of its formation are difficult to determine, but are entirely 
ineludi'd within the time re(]uired for the .soaj) to cool to a tem])era- 
ture suitable for either framing directly or the incorporation of 
filling by crutching and then framing. 

Utilization of Nigre.- -The nigre contains all the imj)urities not dis¬ 
charged into the waste lye withdrawn after the stock, ro.sin, and 
strengthening changes and not retained by the soap. It contains j)rac- 
tically all the alkali retained by the soaj) after the withdrawal of the 
strength lye. On transfi-rring to the crulcher the last frame of 
good soaj), the nigre is ready to grain. 'I'he line of demarcation 
between good soaj) and nigre is sharj)ly defined, but, as a rule, it 
is neces.sary to dij> the last two or three frames of gcxxl soaj), other¬ 
wise, by ])umj)ing or allowing the good soaj) to flow out by gravity, 
currents are created whereby, as a result of the greater fluidity of 
lhi‘ nigre, it is mixed with the good soap to the detriment of 
the latter. Steam is turned on and the nigre boiled uj). As it 
rises in the kettle drv .salt is thrown in and well l)oiled through. 
Soap in the nigre should be reduced to a very small grain in order 
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to separate ijiost completely the coloring-matter. As a result of the 
greater amount of water in the nigre more salt is required than for 
an equal volume of soap. When well-grained the steam is turned 
off and the mass allowed to subside. When it has reached its origi¬ 
nal level the lye may be run off into the .sewer, as it is worthless. 
The utilization of nigre from .settled white .soap, as milled-soap base 
and floating soaj), is*descril)ed in the following chapter. Where .several 
grafles of rosined soaj) are made, nigre from the best grade is incor- 
})orated into a boiling of soap of the next lower grade and the nigre 
from this grade into a boiling of .soaj) of still lower grade, where, 
after it has been worked over two or three times, it is transferred 
to a kettle and allowed to remain until other nigres from the same 
grade t)f soaj) may l)e aflded until a suflicient amount accumu¬ 
lates to make a se])arate l)oiling. The nigre from this grade of 
soaj) may be used indelinitely. The utilization of ro.sined-.soaj) 
nigres where several grades of rosined .soaj) are made involves no 
difl'iculty, but where only one or two grades of soap are made it must 
be removed or utilized in .some way at freejuent intervals, otherwi.se 
the color of the soaj) deteriorates. If it i^ from a high-grade rosined 
soap containing not over 50 per cent of rosin on the basis of the 
glyceride stock, the nigres may be worked into soa])-jx)wder. A 
lower grade of rosined soap nigre, as well as this grade, may be 
used for tar .soaj), the color and odor of the tar effectually disguising 
the origin of the .soaj)-base. Where only one grade of ro.sined .soap 
is made, nigres from different boilings may be mixed and .settled, 
the good soaj) being returned to a boiling with fresh stock. If not 
too highly ro.sined the nigre from nigres thus treated may be util¬ 
ized in .soap-powder either alone or in admixture with firm stock. 
.Although rosin alone is not a desirable ingredient of soajj-powder 
when it is mixed with firm stock as de.scribed, its delique.sccnce 
is greatly reduci'd. When found that it rleteriorates the color or 
(juality of the ])owder the proportion u.sed may be reduced. 

When the nigre is incorjiorated into a .succeeding boiling of 
soaj) the stock change may be made uj)on the nigre in the kettle 
in which it was grained. Under such conditions the procedure of 
.saponification does not differ from that already described on the 
stock change. The frequency with which a nigre may be worked 
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over depends upon the color desired in the finished piDduct. Two 
or three times is the usual number. 

With the introduction of suitable conditions on the settling 
change, and within the limitations of temperature, the longer a 
well-settled soap is allowed to stand the smaller will be the nigre 
and the purer the soap above it, with the hydration gradually 
increasing as the nigre is approached where il reaches its maxi¬ 
mum. Analyses of well-settled soap and nigre indicate the ^ap 
and water content in the latter to be almost the converse of what il 
is in the former. 

The following analysis of a normal nigre indicates its general 
composition: 

Water.64.32 per cent 

Soap (anhydrous). 29.04 “ “ 

Alkali (free), NaOH. :. 0.52 “ “ 

Alkali (combined), Na2C():{. 2.17 ** “ 

Undetermined. 3.95 “ “ 

If on the settling change the soap is left with a slight taste of 
strength, during the settling period the alkali with what mineral 
imjmrilies, chiefly salt, may remain, subsides, so that the percentage 
of free alkali in the soa]) increases as the nigre is approached, 'riic 
length of the settling period varies with the volume of the soap, 
being shortest with the smallest volume. It is likewise affected by 
the seasons being longer in the summer than the winter and longer 
with kellies protected against loss of heat ])y radiation. Too rapid 
cooling should be avoided, as there then m:iy be introduced 
conditions analogous to ciy'stallization. ^'he settling period is 
shorter with firm than with soft-bodied stock, owing to more 
rai)id cooling at all .seasons. With kettles yielding 40-50 frames 
under ordinary conditions, the settling period for all stock at all 
seasons ranges from 7 to ] 1 days from the day of settling to the day 
of framing. 

Although the softness of the stock, hence the greater solubility 
of soap made from it, may affect the volume of the nigre, the in¬ 
fluence of this factor is inconsiderable in comparison with the ma- 
nijjulation and the conditions of settling already noted. It has been 
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demonstrated by the chemical examination of soap and the nigre 
formed from it that there is no a})preciable selective separation of 
soft from firm soap. 

Killing Rosin with Soda-ash.—Combination of red oil with soda- 
ash has already been described. As rosin is likewise an acid liody the 
practicability of saturating it with soda-ash insteaiil of with caustic 
soda is suggested. 'Without doubt considerable saving is ])ossiblc by 
usirtg soda-ash instead of caustic soda, but practical difliculties 
intervene to mar the calculation. Rosin soap is of very soft body, 
it is grained with more or less diniculty, and while these disadvan¬ 
tages are by no means insuperable obstacles, the jiraclice of killing 
it with soda-ash has never become common. It would seem desira¬ 
ble to eliminate once and for all the color possible to be discharged 
into a waste Ive from rosin soaj) before the soap is mixed with tallow 
soap. ■ To work rosin sejiarately so that it may be grained with 
any satisfaction its body must be hardened. This mav be done 
by killing it with soda-ash on a nigre and with the addition of scrap. 
The product may then be incorporated with a tallo\v soap after 
the stock change in a sejiarale kettle and the whole strengthened 
as on a regular boiling. In the evolution of methods of soap-boijing 
the tendency has been towards the utmost sim])licity and ease of 
operation consistent with the best results in the aj)])earance of the 
finished jiroduct. The sep.arate killing of rosin with sofla-ash and 
its subsec juent incor^ioration with a tallow soap seems to be a method 
to try but not to adopt. The tendency of glyceride stock to swell 
during saponification demonstrates the inijiracticability of killing 
the regular tallow charge u])on a nigre and rosin .soap base. 

Duration of a Boil of Soap.—The time n-quired for making a 
boiling of .settled rosined soap depends jiriniarily ujion its size, 
i.c., the amount of stock and rosin killed. It is believed that the 
highest economy of ojieration is secured when each change can be 
started and completed in a single day. With kettles of average size, 
allowing one day for each change and from seven to twelve days 
for settling, an average of two weeks are required before the soap 
can be taken out. Allowing three days for solidifying in the frame 
and from two to three days, according to facilities of drying and 
the state of weather, for cutting, drying, and jiressing, upwards of 
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three weeks are required from the first treatment of the faw material 
to the shi[)ment of the finished ])roduci. In the manufacture of 
milled soap the jieriod of ojieration intervening between the soap- 
kettle and the soap-press can be rediu'ed lo a few minutes, but the 
])roduct is consideralily drier and more durable, which qualities arc 
not desired under jiresent conditions by the manufacturers of low- 
jiriccd detergents. Clearness, smoothness, and utmost transparency 
of structure with brightness of color, and the highest possible hyifra- 
tion consistent with firmness, are the ends sought. Under these 
conditions any reduction of time involving a sacrifice of these ends 
will be slow of acceptance. 

Crutching.—After the jieriofl of cooling, which for the contents 
of any given kettle is determined by experience, whether the soap 
has cooled sufficiently to frame may be determined by withdrawing 
a samjile in a liucket from the swing-joini-pijie outlet and testing 
it with a thermometer. During the settling jieriod the soap has 
cooled from that temperature at w’hich it w'as w'hen in contact with 
steam during boiling to 150° Fahr., the w’inter temperature, or to 
140° Fahr., the summer temperature. The most suitable tempera¬ 
ture for crutching dejiends upon the firmness of the stock and the 
nature and amount of filling material to be added. With firm stock 
lightly filled, the lcmj)erature of crutching may be higher than with 
soft stock lightly filled or firm stock heavily filled. In general, 
settled rosined soap should not be rc'moved from the kettle at a 
temperature higher than 150° Fahr., for in most cases the soap as it 
flows out increases in temi)erature. In summer the crutching temj)era- 
ture should be to°-t 5° Fahr. lower than in wn'nter. Soap crutched 
too hot will sei)aVatc filling in the frame no matter how smooth it 
may a])})car in the crutcher, and from poor incorporation of the 
filling the soap will effloresce and soda-crack on aging, with result¬ 
ing great deterioration in appearance and marketable quality. 
With unfilled soap the temperature may be higher than with filled 
soap in accordance with the firmness of the soap. With soa]) of 
this character it is aimed to w'ithdraw the good soap from the 
kettle at the temperature that will permit its entire removal after 
the shortest necessary period of settling and to reduce the tem¬ 
perature to that point at which there will be no separation of the 



35° 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. 


more highly hydrated soap from that containing less water, on 
subsequent standing in the frame. Soap containing a consider¬ 
able proportion of cocoanut-oil, as was seen, cools more quickly 
in the kettle and also more quickly in the frame than does soap 
made from stearin and olein stock. With well-settled unfilled soap 

of thi; former character crutching may be unnecessary, it sufficing 

•* 

to run the soaj) directly to frames by a system of overhead gutters 
provided with outlets over each frame, as shown in Fig. 8o. 

The conveyance of soap to the crutchers from the kettle may 
be by pumj) or by gravity. In the latter case, which is simpler and 
involves less trouble, the toj) level of the crutchers should be below that 
of the nigre. With the bottoms of the kettles and crutchers on the 
same floor, proper conditions for the gravity discharge of hot soap 
from the kettle are supplied. With crutchers located at a higher level 
than that of the nigre or removed from the kettles by a distance that 
makes troughing impracticable a pump is necessary. Unless with 
a large number of crutchers the pumping is intermittent and often 
makes much trouble by retjuiring frequent steaming out of the 
chilled soap from the soa})-line. 

The far better plan under all circumstances is to run the soap 
by gravity from the kettles to the crutchers. With this arrangement 
hot soap may flow continuously into a box or tank from which the 
crutchers are filled alternately. In practice, however, there is 
wide variation in arrangement and method of operation. 

Filling—Soda-ash Solution.—Soap is hardened and the detergency 
and durability increased by the addition of varying proportions of solu¬ 
tions of soda-ash and sodium silicate. The use of soda-ash solution 
retjuires its preparation previous to the date of its use so that it may 
cool and deposit imimrities. The method of preparation depends upon 
the quantity used. For a small boiling or used only in small amount 
it may be made by dissolving dry ash in a small tank adjacent to 
the crutchers and provided with a live-steam coil. When used in 
large amount, a large steam-heated tank is required and prefer¬ 
ably provided with a mechanical agitator, whereby manual labor 
is reduced and the solution of the dry ash facilitated. With soap 
too cool it is desirable that the soda-ash solution be hotter than 
usual; with soap too hot the contrary condition is desired. A soda- 
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ash solution testing by the hydrometer 34° hot will be saturated, 
36° Be., on cooling. The percentage of sodium carbonate in soda 
a.sh solutions of different densities is shown in the table on p. 352. 

Sodium silicate is used at a density of 40° Be., in which condition 
it is received at the factory. The .satisfactory incorporation of .solu¬ 
tions of soda-ash and sodium silicate depends upon their amount 
and the condition of the soap. With soaj) too ,hot or too cold, or 
too .soft either from soft stock or tin* accidental mixing of more or 
Ic.ss nigre, or with insufficient mixing of filling, the appearance of the 
resulting {iroduct will be effected injuriously by the use of a given 
amount of filling. By the u.se of an excessive amount of filling the 
soap will tend to open and a smooth, close appearance cannot be. 
obtained without the use of a binding or clo.sing agent as so-called 
mineral soap-stock (a petroleum distillate intermediate in consist¬ 
ency between heavy cylinder oil and vaseline). Soda-ash solution 
hardens the soaj) immediately on mixing; silicate of soda on mixing 
tends to .soften the soap, its hardening effect manife.sting itself on the 
aging of the product. Addition of both at a lower temperature than 
the .soap (ools the .soap according to the difference in the temperature 
and jicrmits it to be framed with greater .safety than if the filling were 
as hot or hotter than the soap. For settled rosined soap the addition 
of filling should not exceed 75 pounds of 36° Be. soda-ash solution 
and 25 pounds of sodium .silicate ])er frame. Addition of a greater 
amount is rei)rehensible. In cheap rosined soaj) a common addi¬ 
tion comprises uj)wards of 150 i)ounds of 36° soda-ash solution, 
50 |)ounds of sodium .silicate, and 50 j)ounds of mineral soaj)-stock. 

Operating Crutcher.—The .soap is run from the box or tank, 
.supj)lying a jxiir or series of crutchers, and which box in turn is fed 
• continuou.sly from the kettle. The addition of the first charge to a 
cold crutcher may cool the soap to a temj)erature unsuitable for 
best results, whcrcui)on applying steam to the jacket of the crutcher 
is necessary. With the crutcher once heated and the .soap at the 
proper temperature additional heat i.s unnecessary. When one 
crutcher U filled the soap is turned into the other, if the crutchers 
are oi)erated in pairs, and soda-ash solution added to the first and 
well mixed, whereujion the .silicate is added and the mass crutched 
until a ])ortion removed on a trowel is smooth, glossy, tenacious, and 
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TAHLK XXllI—SPECIFIC CRAVITY OF SOLUTIONS OF SODIUM 

CARBONATE AT r5° V. (59° F.). 
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shows a rounded, not Hat, surface in*the crutcher. Should the 
soap be slow in joining, steam may be lightly appli'ed with good 
results and the soap crutched to a suitable temperature for framing. 
With rosined soap made and settled as described, no trouble need 
be experienced on crutching. The condition of the soap as it 
flows from the kettle should be observed. It should not be open, 
otherwise filling cannot be well incorporated, although it naay ap¬ 
pear so with soap in the crutcher. On cooling in the frame, and 
later on cutting and drying, efllorcscence and soda-cracks will in¬ 
variably occur, especially when the soap is framed too hot and cooled 
slowly, a common mistake with soft-ljodied stock. Crutchers of 


the Strunz type should be filled above the mixer-arms; crutchers 
with a vertic'al Screw enclosed by a cylinder should be filled above the 


level of the latter, otherwise in both cases more or less air will be incor¬ 


porated, making the soaj) soft and sjxmgy. The rapidity of crutching 
depends upon the rate of filling the crutcher, the temjHTature of the 
soaj), the amount of filling added, and the ease of its incori)oration, 
re(juiring ordinarily from ten to thirty minutes for each charge. 
In removing the last frames from the kettle, (lipj)ing often being 
necessary, care should be taken to avoid an addition of nigre, which, 
if present in framed soa]) in a considerable amount, makes its re¬ 
turn to a subsefjuent boiling necessar}^ The number of frames of 
soaj) obtainefl from a given kettle charge should be uniform, but 
varies more or less with the volume of the nigre, which is determined 


as stated by the character of the finish on the settling change. 

Framing.—The smooth, glossy soajj in the crutcher is discharged 
into the frame run beneath it, which when filled and the warm soap 
heaj)ed lightly ak)ng a medial line is replaced by another. The 
length of time recjuired for crutching and framing depends upon 
the size of the boil and the numl)er of crutchers. With two crutchers 


discharging alternately a carefully and well-crutched soap, 50 frames 
may be filled in a day. 

Yield of Soap.—In the accomjianying table is shown the yield 
of anhydrous soap from the characteristic glycerides of stock com¬ 
monly used in soap-manufacture. A typical analysis of fresh, cold, 
unfilled soai) from mixed stearin and olein stock is as follows; 
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Per Cent. 


Fat anhydrides. 6t.8o 

Combined alkali, Na20. 7.20 

Soap. 69.00 

Water. 3T.00 


Analyses of this character will not only depend upon the stock from 
which the soap is made but upon the coarseness with which the soap 
was • finished on the settling change. However, in water content 
they will not vary greatly from a percentage equivalent to 50 per 
cent of the proportion of anhydrous soap. This is the basis of the 
soai)-maker’s common calculation of 50 per cent yield of soap from 
the raw material. With slock used in practice the yield varies as 
indicated by the theoretical figures shown in the accompanying 
table. 


Glyceride and Chief Sources 

Molecular 

Weifiht. 

Yield on Saponification with 
Steam Under Pressure. 

Per Cent 
Fatty 

A( ids. 

Per Cent 
Glycerol. 

Per Cent 
Water 
Absorbed. 

Laurin, cocoanul and palm-kcrnel oils.. . 


Q404 


8 46 

Mvristin, ])alm-kcrn<*l oils. 

722 

‘14 47 


7.17 

Palmitin, palm-oil and tallow. 

806 

05 .28 


6.60 

I.inolfin, linseed-oil. ... . 

878 

05.68 


6 16 

Olein, olive- and cotton-oils. 

884 

95 ■ 70 


6.10 

Stearin, tallow and lard. 

8qo 

95-73 


6.07 

Recinolcin, castor-oil . . . 

032 

95-92 


5.80 

Ararhidin, peanut-oil. 

‘174 

96.10 


5-54 




Yield or 

Saponification with 



Caustic Soda. 

Glyceride and Chief Sources. 

Molecular 

Weight. 



Per Cent 


Per Cent 

Per Cent 

Caustic 



Soap. 

Glycerol. 

Soda 

Absi trbed. 

Laurin, cocoanut and palm-kernel oils . 

638 

104.38 

14-42 

18.80 

M vristin, palm-kernel oils. 

722 

103.87 

12.70 

16.57 

Palmitin, palm-oil and tallow. 

806 

103-47 

11.41 

14.88 

Linolein, linseed-oil. 

878 

103.19 

10.48 

13-67 

Olein, olive and cotton-oils. 

884 

103.16 

10 40 

13-56 

Stearin, tallow and lard. 

800 

103.14 

10.34 

13.48 

Recinolein, castor-oil ... . 

932 

103.00 

9.88 

12.88 

Arachidin, pcanut-oil. 

974 

102 87 

9-44 

12.31 
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The reason for the greater yield of soap from cocoanut-oil than 
from the ordinary animal and vegetable fats is thus* made clear. 
Not only is there a greater yield of anhydrous soap in itself, but in 
virtue of that higher yield from slock characterized by a high per¬ 
centage of fatty acids of low molecular weight a greater degree of 
hydration in the finished product is permissible. 

The yield of soap in frames is of course affected Ijy the amount 
of filling used, especially to be noted in case of soap made by the 
cold and semi-boiled processes. The yield of soaj) from a given 
amount of slock and rosin, and from an unrosined stock as well, 
killed in a clean kettle, may l;e estimated as follows: Multiply 
the number of frames of soap by the weight of soap minus the filling 
in each; to this product add the weight of soap in the nigre. The 
weight of soap of the same degree of hydration as good soap in the 
nigre may be closely approximated by calculating the volume of 
ungrained nigre left in the kettle and considering its weight equiva¬ 
lent to that of water. From an analysis of a typical nigre previously 
given we may consider it to contain 30 per cent of anhydrous soap. 
Add to this calculated weight of anhydrous soap 50 jier cent of its 
weight to allow for water. The result gives roughly the weight of 
soap in the nigre corresponding in hydration to that of good soap. 
This added to the weight of soap minus filling in the frames gives 
the total yield of soap from the stock used. 
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MILLED-SOAP BASE. FLOATI.XO SOAP. 

MEDU'ATI'l) vSOAP. 


SIIAVING-SOAP. 


Milknl-soa]) Base; Stock. Stock ('hani,^'. Strcn^^thcninij Chansru 
Pickle Chan;.;e. Scttliiij^ rhanij^c. Eramint^. Floatini^ Soap: 
Stock. Procedure. (Viitchin.e^. Specific Gravity. Dryin". 
Nis^re. Waste Eve. Shavini^-soaj). Medicated Soap. The 
True Functiou of Soa]) as a Medicament. The Di.senfectant 
Power of Common Soai)s. 

Milled-soap Bass.—A toilet-soap is one intended for personal 
ablution and may be made by any process. The finest quality 
of toilet-soa]) is made by so mechanically treatini^ dried, grained 
soaj) which has been reduced to chips and further dried that 
its beauty and durability have l)een increased without a sacrifice 
of detergency. .'\ milled .soa]) is a dried, grained soap reduced 
to lamin.T and made com])act by ])ressur(‘. Such a soap may be 
greatly im])roved by the ap])lication of ])erfume and color. 

Soap intended to be milled may be made by either the cold or 
semi-boiled process, but for thi* best results, viz., j)erfect .saj)onifi- 
cation, neutrality, and purity, the grained, settled ])rocess is best. 

Stock.—The influence of the carving admixture of different fats 
and oils U])on the ])hysical a])pearance and detergent i)roperties 
of soap made from thcmi has been already described. Only the 
best stock is available for milled soa]) base. The development of 
the art of perfumery and the use of colors have given the manufac¬ 
turer of milled soap greater latitude in the selection of stock; never- 
thcles;; the best results in perfumery and coloring of milled soa]) 
can be oljtained only with the freshest and purest material, which 
must undergo comj)lt'te saponification by thorough boiling and 
further purification by settling. 
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Without the repetition of the eharacler of stock ingredients it may 
be stated as a general rule that stock suitable for floatirfg soaj) makes 
a first-class base for milled soaji, and any depreciation of quality 
from this standard may be made according to the selling price and 
color of the finished milled goods. Rosin of WW grade is a desira¬ 
ble ingredient up to lo per cent of tallow used. A good combina¬ 
tion of ingredients is secured in lo to 25 })er cent of Cochin cijcoanut- 
oil and 75 to go per cent of tallow of edible grade. 'Jlie solubility 
of soap made of this combination may be increased by the addition 
of 10-15 oleoor collonseed-oils for an e(]uivalent weight 

of tallow. Rosin may be used for lliis purjiose in colored soap. 
The mildness of soa])s made from jialm- and olive-oils adajit them 
for use in milled soap. The characteristic stock does not de])art 
greatly from cocoanut-oil and tallow combined with softer stock 
in the proportions jjreviously mentioned. Assuming a stock 
charge of 75 ])er cent prime tallow and 25 per cent cocoanut-oil, 
the proci'dure of milled-soap base manufacture is substantially 
as follows. 


Stock Change.—Tallow of first-class color, odor, and body is run 
into the kettle and simultaneously lye at not over 15° Be. Emul¬ 
sion ensues ]jrom|)tly on boiling. The lye during saponification 
should be present in excess but not sutficient to grain the soap. 
Every effort should bi‘ made to secure thorough sa])onification, for 
upon this factor rests the success of the process. If the soap be 
grained during the stock change sa])onification is retarded by the 
soa]) being thrown out of solution and enclosing in the grain more 
or less free fat. Should the supply of lye in the kettle be deficient 
the mass may stiffen, which condition should be carefully guarded 
against, as it interferes greatly with thoroughness of saponification. 


Towards the close of the change, as alisorption jiroceeds more slowly, 
add the lye at j8 ° Be; and in successive additions of small amounts 
on ])rolonged boiling; before graining use it at 20° Be. The pro¬ 
cedure at no stage should be hurried, for thereby thoroughness of 
sa])onification may be sacrificed. On the comjilete absence of a 
greasy feel to the soap as it is cooled and pressed between the fingers, 
with the tendency to be reduced readily to chips or flakes, the tallow 
soap may be grained. This may be done with either salt or lye 
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at 3o°-4o° Be., most conveniently with the latter. The soap is 
reduced to a fine ^rain and the strong stock lye withdrawn for utili¬ 
zation in the boiling of rosined soap. The cocoanut-oil is now 
added to the gniined talk'W soap and killed with lye at 20° Be., 
gradually increasing the density to 25° Be. as saponification pro¬ 
ceeds to the close. In killing the tallow first and the cocoanut-oil 
afterwards, the capacity of a given kettle can be fully a])j)rox- 
imated, as the combined swelling of the tallow and cocoanut- 
oil would consideraldy reduce the amount of stock that could be 
killed at once in a kettle of a.given size. With ample kettle space, 
equal thoroughness of saponification, it is claimed, may be elTectcd 
by killing the tallow and oil together with lye first at 18° Be. and 
increasing it to 25° Be. towards the close. However, wherever 
jiracticablt', stock should receive lye at the density most suitable 
for thorough combination, which condition is obtained in the jiroced- 
ure first outlined. The tendency of cocoanut-oil to swell and rise 
rapidly in the kettle to the extent of boiling over should be carefully 
watched and may be checked by the addition of strong lye, salt or 
jiickle or cold water, in which event, of course, steam for the time 
should be turned off. 

The ])eculiar taste of cocoanut oil suggestive of strength should 
not be confused with the taste of genuine strength, otherwise more 
or less oil will pass the stock change unsaponified. The boiling 
should be jirolonged until assured of complete .saponification, when 
the soa]) may be grained. This may be done, as on the tallow 
change, with either strong lye or salt. Whether the latter is dry or 
in solution will depend u])on conditions in the kettle. With a 
Jarge amount of water in excess, dry salt should be used. If rosin 
be an ingredient of the mi]led-.soap ba.se, it is added after the with¬ 
drawal of the final stock Ive and killed with 20° Be. Ive under the 
same conditions and by the same procedure as followed on the 
rosin change of a settled ro,sined soap, after which the .soap is ready 
to strengthen. 

Strengthening Change.—The .soaj) may be strengthened, after 
withdrawing the rosin lye, if rosin be used, cither by adding suffi¬ 
cient water, boiling meanwhile, to just clo.se the soap, and then add¬ 
ing 20° Be. lye until o[)en and continuing boiling throughout the 
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period allotted to this change. The absoryition of al^cali should be 
carefully obser\'ed, as it will serve as an index of the thoroughness 
of the saponification on the stock change. As absorjition takes 
place as indicated by the reduction of strength in the lye, and also 
by the soap tending to close, more lye at 20° Be. should be added. 
A great excess of strong lye on the strengthening change is not 
essential; its addition from time to time to replace the absorjition 
and to maintain the soap in a flat grain sulTices. Towards the* end 
of the change with strength present, but with the soaj) tending 
to stiffen and thereliy to interfere with even, regular boiling, either 
water or pickle should be added according to conditions. With 
the soa]) well open and tending to boil expk)sively from stiffening,' 
water may be added to dilute the graining strength present, but 
when lending to close, with sufficient strength iiresent for absor])tion 
but insufficient for keejiing the soaj) open, jiickle should be used, 
its density uj) to 25° Be. depi'nding upon the amount of water in the 
kettle. The comyiletion of alkali absorption is indicated by the 
intensity of strength in the lye remaining ])iTmanent. After boil¬ 
ing for some time under these conditions steam is turned off and 
the strength lye allowed to settle out. Afttr withdrawing the 
strength iye more or less caustic alkali will be mechanically retained 
by the grained soa]), which to make the soay) neutral it is necessary 
to remove by washing with jiickle. This wash or jiickle change 
may have to be repeated as often as three times in order to remove 
the last traces of strength and to produce a perfectly neutral soap 
read.y for settling. 

Pickle Change.—The strength mcc^ianically retained by the 
grained soap left on withdrawing the strength lye is bi'st separated 
by closing the soap by the addition of water boiling meanwhile. 
No more water should be added than is sufficient to flatten the grain 
to the point of joining. Pickle at i 5°-25° Be. is then added and 
thoroughly boiled through. The result is that the soap is again 
grained, and in the water withdrawn from the soa]) and reduced 
to salt st)lution by the pickle added, is the strength. .After having 
worked the pickle well through the soap the pickle lye is settled 
out. Pickle at 10° Be. may be added to the soap after withdrawing 
the strength lye, and well boiled through without the previous 



36 o 


AMERICA:^ SOAPS, CANDLES, AND GLYCERIN. 


addition of v'alcr to close the soap. When the latter procedure 
is folk)wed the flensily of pickle reejuired to again grain the soap 
will de])en(l uj)on the degree of hydration of the soap. With addi¬ 
tion of considerable water and the soap closed, 25° Be. pickle will 
be re(iuired; with a less degree of hydration of the soap the density 
of the pickle is reduced. After withdrawing the pickle lye a com¬ 
parison* of the strength therein with that remaining in the soap 
will dc'lermine the elTiciency of the wash and the amount of strength 
remaining in the soap. With an excessive amount of .strength on 
the strengthening change, the amount mechanically retained will 
not be removed by one wash, and the degree of comj)leteness with 
which it is to be removed will be determined by the grade of milled 


soaj) made from it. 

With tlie soaj) neutral, or the strength reduced to satisfactory 
j)ro])ortif)ns, the soaj) is ready to settle. 

Settling Change.—'I'he |)urpose of .settling is to reduce the .soap to 
a well-defined consistency by means of water, whereby it is in a con¬ 
dition to settle out the impurities on standing and cooling. During 
this ])eriod the strength is also .settled out, the degree of thorough- 
ne.ss of se])aration de])ending uj)on the length of the i)eriod. 


Examination of soap in .successive layers as framed indicates an 


increase of free alkalinity as the nigre is ajj] 3 roached where it reaches 


the maximum. 


The .soaj) is settled as follows: Water is carefully 


added to the kettle and well boiled through after c-ach addition. 


])ains being taken that no excess be used, during which time the 
soaj) is closed, rises in the kettle, and from the incorjooration of 
water and steam assumes on the surface a stilT consistency which, 
as the incor[)oration of water })roceeds, boils up evenly and rolls 
over, the surface breaking into numerous j)lac(jues or .saucer-like 


formations. It should be noted i)articularly in this connection tha.t 
with milled-soaj) base, floating soaj), and all unfilled soap the addition 
of water beyond that su])plied by condensation of steam from the 
o])en steam-coil as a rule is unnecessary to effect the degree of hydra¬ 
tion desired where amj)le time is allowed for the settling change. 
Soap hardened in the crutcher by the addition of soda-a.sh solu¬ 
tion need not be finished .so coarse as is required for .soaj) of the 
kinds menti{)ned. The i)urj)Ose of .settling, as .stated, is to finish 
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the soap in such a condition that a nigre containing the impurities 
will form on standing and cooling. In this there are two extremes, 
viz., the soap may be finished so thin by the addition of an excessive 
amount of water that no nigre separates; it remains distributed 
throughout the mass of soap. In other words, a nigre does form, 
but it includes practically the entire mass of soap. The other 
extreme obtains with the addition of so little water that the* soap 
is not com])letely joined, with llie result that a weak waste lye sepa¬ 
rates. With the latter condition in mind, the aim on settling milled- 
soaj) base, floating, and all unfilled soajr is to incorjiorate, either by 
the direct addition of water or by the condensation of steam from the 
live steam coil, j.ust sufficient water to thoroughly join the soa]), to 
make it homogeneous, and to carry it past the joined state only so 
far as to introduce conditions conducive to the formation of the 
minimum amount of nigre and the maximum amount of good soap. 
With the kinds of soa]) mentioned and with am])le time for the change, 
these conditions are best introduced by j)rolonged boiling with a 
live steam coil. Conditions affecting the formation of nigre are 
gone into in the discussion of settled rosined soap. When the physi¬ 
cal conditions jireviously described appear on the surface of the 
soa]) and are ])ermanent, steam is turned off .securely and the soap 
allowed to cool. With small batches not exceeding to 15 frames, 
made* in a small kettle, the kettle should be covered with .suitable 
matirial to avoid too ra})id cooling. 

Framing.- With a coarse finish as descrilied nigre forms readily 
and at a rate de])ending upon the nia.ss of .soa]) and the .sea.son. 
F'or any ])articular kettle the number of days to allow for cooling is 
determined by exjK'rience. For a .small kettle in an expo.sed position 
yielding a dozen frames, om* day intervening between settling and 
framing may .suHice. It is not necessary to ob.serve the .same tem¬ 
perature limitations of tilled, settled, rosined soap. The soa]) should 
not be drawn off at a temperature higher than 160° 170° Fahr., 
as the formation of nigre may not be comjilete and as unnecessary 
labor is reijuired for cooling in the frame. Soap made from stock 
used for milled-.soap base cools (juickly, and unless framed at the 
right time the yield may be reduced by the soa]) cooling and adher¬ 
ing to the sides of the kettle. 'Fhe .soap may either be run directly 
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to frames and there hand-crutched until stiff, or it may be run 
first to the crutcher, where, if cooling by means of a water-jacke 
is available, the labor of hand-crutching in the frame may be re¬ 
duced. 

Floating Soap.—The procedure to be followed in floating-soap 
manufacture up to the crutching stage is substantially as already 
outlined in the manufacture of milled-soap base, which procedure 
is -also ajiplicable to the manufacture of ordinary white settled 
soap, of which little, if any, is now made, and to the manufacture 
of genuine castile soaj) froVn olive-oil or olive-oil foots and their 
common substitutes, viz., cottonseed-oil and tallow. The manu¬ 
facture of floating soap is of comjiaratively recent origin in the 
United States, having been carried on only fo/ the last twenty-five 
years. Floating soap is claimed to be of Chinese origin and to have 
been first im])orted into England in the middle of the eighteenth 
century’. This soap was made exclusively from cocoanul-oil. After 
its original manufacture in the United States it soon acquired great 
popularity as a good, cheaj) toilet-soap and its manufacture be¬ 
came general. Its floating property, due to the reduced specific 
gravity from the incorjumition of air by special crutching, indicates 
the absence of all inert or inferior detergent matter and its freedom 
from color, the use only of the best raw material. Floating soap 
is applicable for all detergent purposes, but its wastefulness in use 
restricts its apjilication to toilet jiurposes and to the more delicate 
cleansing. Floating soaj) should be free from color or of a shade 
no dcc]3cr than that of cream, with no odor arising from rancidity 
of cocoanut-oil, and, according to custom, should not be highly 
perfumed. Saponification should be comjilete, with no traces of 
uncomliincd stock, otherwise a rancid odor develops in use. It 
should lather freely, but not excessively, with thick, firm lather. 
The jiressed bar should not warp on aging or show signs of local 
discoloration, and the general discoloration peculiar to all white 
tallow soaps on aging should be very slight. Its specific gravity 
should be less than that of water, otherwise the soap becomes a 
white settled soap with no buoyancy. 

Stock.—Cocoanut-oil, commonly of Ceylon grade, although 
blea hed copra-oil is also used, is an indisjiensable ingredient. 
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It imparts fluidity to the firmer tallow soap when hot. It imparts 
quick and ])rofusc lathering properties and aids brightness of color 
and tends to preserve it. It is very important that the oil should be 
completely saponified, otherwise rancidity develops in use, as shown 
by the odor of the fresh surface and of the hands after washing. 

The tallow should be of high grade and, if used unbleached, should 
approach edible stock in quality. It forms the basis of the,.soap. 
By its admixture with the more soluble cocoanut-oil soap forming 
a thin, (juick lather, the firm, slow-forming lather of tallow is softened 
and developed more quickly. If it be desired to obtain the bland¬ 
ness or mildness in use })eculiar to olive-oil soap, well-refined cotton¬ 
seed-oil or oleo-oil may be substituted for a portion of the tallow 
or a softer tallow base used. 

All tallow soa])S discolor more or less on aging, whether carefully 
preservi'd as samples or exposed uj)on the market, according to the pro- 
j)ortion and (juality of the tallow and the nature and source of any 
olein stock if used. Cocoanut-oil is commonly used in proportions 
varying from jo to 30 ])er cent, it being generally believed that 20 to 25 
j)er cent is the minimum to produce the be.st results; the remainder of 
the stock may be varied according to suggestions previously made. 

Procedure.—The procedure of boiling settled tallow-cocoanut- 
oil soaj) has been already described in the manufacture of milled- 
soap base, and attention at this place may be directed only 
to its general consideration. The prime essentials are thorough 
sajjonilication, neutrality on the settling change, and a coarse finish. 
Without thorough sa]unification rancidity .soon develops in the use 
of the product; with free alkali present the excoriating effect of the 
soap unfits it for toilet use; and unless the soap is well boiled and 
finished coarse a large nigre is formed, whereby the yield of good 
soap is reduced and the efficiency of manufacture sacrificed. The 
time re(iuired for manufacture comprises, as a rule, four days, al¬ 
though this depends upon the size of the boiling, with the following 
stages of treatment: The stock change, which may reijuire two days 
for its completion when the tallow and oil are killed in separate 
charges, the strengthening change, which requires one day; the 
Iiickle or wash change to remove excess of free alkali, which requires 
a period determined by the ease and degree of thoroughness with 
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which the excess of alkali may be removed; and the scttlinfr change, 
which requires a period of time depending on the size of the boil 
and which is completed in one day. Floating-soap scrap should be 
added to the kettle on the strengthening change. The .separation 
of free alkali is always a troublesome matter and may be effected 
as described by one or more ])ickle changes or by neutralizing the 
alkali, in the crutcher, or by both methods. As to whether the waste 
lyes are withdrawn neutral or with more or less free alkali and 
treated subsefjuently with fresh stock for its recovery before evapo¬ 
rating the lye for glycerin will dejiend largely ujion the amount 
of soap of this kind made. It is only after considerable e\qK‘riencc 
that each change can be made conqilete and the waste lye from each 
change withdrawn neutral where neutrality is desired. By leaving 
more or less .slock unkilled on each change ])receding the strength¬ 
ening change, the waste lye may be withdrawn with a minimum 
percentage of caustic soda. More care and time are then recpiired 
on strengthening change to comjdete the saponification })urposely 
left incomplete on the ])receding changes. 

The jjeriod re(]uire(l for cooling and deposition of the nigre de- 
j)ends upon the size of the boil, which influences the rate of cooling. 
As a general rule he.'ivy-bodied unfilled soap requires the shortest 
time, which increa.ses with the softness of the body and size of the 
batch and is influenced by the .sea.son and exjjosure of the kettle 
to influences retarding or accelerating the loss of heat by radiation. 

Crutching.—The high solidifying jK)inl of floating-soaf) stock 
requires its withdrawal from the kettle at a much higher tempera¬ 
ture than soaj) made from .softer slock, as rosined soap. The 
.soap .should not be withdrawn at less than t7o°-j8o° Fahr. "J'hc 
procedure followed in crutching will be determined by the volume 
of .soap made. With small batches from which free alkali may be 
readily sejiaraled by washing with jiicklc, crutching comprises the 
addition of soaj) to the crutcher at about 175° Fahr. up to a certain 
level in the crutcher according to its design and as determined 
by cxj)ericnce. Upon completion of crutching the soaj) will have 
cooled to about 130° Fahr., and from its expansion due to incor¬ 
poration of air will have completely filled the crutcher. With 
Crutchers having vertical agitators the maximum level of cleat 
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hot soap before reversing the driving-belt may be indicated either 
on the vertical shaft or inner concentric cylinder enclosing the screw. 
With Crutchers of the Strunz type, the level is indicated on the 
vertical blades of the horizontal shaft. Incorporation of air is 
effected by simply reversing the driving-belt, whereby conditions 
arc introduced exactly contrary to those prevailing when filling 
is incorporated. As agitation proceeds the soiy) loses its clearness 
and becomes opaque, the desired specific gravity being deternyned 
by cither allowing the crutcher to completely fill or by testing the 
buoyancy of a small sample of soap in. water. Should it be desired 
to hasten cooling, water may be introduced into the jacket of the 
crutcher. If the ])roper buoyancy is obtained before the soap is* 
cool enough arid it is then framed, the buoyancy of the soap tends 
to be diminished by its coalescence in the frame, whereby the lower 
portion of the frame is of higher specific gravity than the upper por¬ 
tion. Satisfactory air incorporation is determined by the opacity 
of the soap and its volume in the crutcher and its tendency to .solid¬ 
ify at the edges or circumference of the crutcher, although these 
indices may be supjjlemented by use of the thermometer and the 
floating-test. Just previous to framing perfume is added. The 
time required for crulching depends upon the initial temperature 
of the soaj), the u.sc of the cooling-jacket or the sea.son, and the 
j)roportion of soaj) to be crutched at each charge to the capacity of 
the crutcher. The rate of crutching with the regular soap-crutchers 
docs not exceed that for filled soap. The time reejuired need not 
exceed 15 to 20 minutes. 

In the frame the soap cools quickly and sinks along a medial line, 
leaving on the sides more or less soap, which on cutting forms scrap. 
. This pro])ortion may be reduced by depressing it as it forms into 
the mass of softer soap. 

With floating soap made in large batches, the removal of free 
alkali as stated is a more troublesome matter than with small batches. 
Recourse is had to neutralizing the remaining free alkali in the 
crutcher. As previously stated, the proportion of free alkali increases 
as the nigre is reached where it attains its maximum percentage. 
On large-scale production the good soap may be pumped to a long 
tank ample in capacity for a single boil surmounting a series of 
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Crutchers and.containing an agitator. Here the soap may be mixed 
to a uniform consistency and the free alkali determined once for 
the entire boil. The percentage of free alkali having been deter¬ 
mined, the (juantity of material calculated per frame for its neutrali¬ 
zation may be added to the charge of each crutchcr. The neutral¬ 
izing agent may consist of cocoanut-oil, which, however, is not 
always to be recommended; boric acid, which, in combination with 
free . alkali, forms sodium biborate, or borax; melted stearic or 
oleic acid, the jmoduct of combination with which being soap. The 
neutralizing agent is added at the beginning of the crutching, the 
efficiency of neutralization being determined by testing a freshly 
cut surface of a sample of crutched soap with an alcoholic solution 
of j)henolphthalein. On applic'ation of a drop of this indicator 
the jjresence of free alkali is shown by a ]>ink coloration. With the 
desired specific gravity attained the soap is framed as described. 

Specific Gravity.—Floating soap is merely well-made settled 
soap diluted with air to the degree that it is lighter in weight than 
an equal volume of water. The si)ecific gravity is a very variable 
factor not only in soap of the same stock composition but in different 
frames of the same boil and in different parts of the same frame, 
and in the same soaj) cut and with different degrees of dryness. 
The sj)ecific gravity of any soap (le})ends ujion the stock used and 
the degree of hydration and filling for a soap heavier than water; 
for a floating soa]) it depends upon the pro])ortions of air and soap 
in a given volume and upon the dryness or degree of hydration. 
The following analyses and determinations of density of a floating 
soap in successive stages of manufacture are interesting as showing 
the change in composition and density ensuing on the incorpora¬ 
tion of air. 

Drying.—Supplementary to the general principles of soaj)-drying 
already discussed it may be stated that the soap should be allowed 
to stand as long as possible in the frame before cutting, and to 
prevent warping or uneven drying, and to reduce the tendency 
to discoloration, it should be allowed to dry more slowly and at a 
lower temperature than filled soap. I'o counteract wastefulness 
in use peculiar to all soap filled with air and containing cocoanut- 
oil, the drying process should be more complete than with ordi- 
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nary soap. Analyses of floating soaps on the market indicate a 
moisture content varying from Ji to 22 per cent. 

Nigre.— It is not advisable to incorj)orate the nigre of settled 
white soaj) into the succeeding boil, as the color of the finished 
product would thereb}’ be greatly deteriorated. On the removal 
of the sujiernalant good soap to the crutcher, the nigre is boiled up 
and given a sharp grain with dry salt. The waste lye after settling 
out is discharged into the sewer. The nigre may be utilized by 
rosining it uj) to a giA’en percentage and incorporating it into the 
best grade of rosined soap; or it may be transferred to a smaller 
kettle and settled, the product going, as desired, into “castile” soap, 
floating tar soap (it Ix'ing necessary to add the neutralized yiine tar in 
quantity sufficient to produce the color and odor desired to the soa]) in 
the crutcher), so-called disinfectant soaj) (made by introducing a 
small amount of disinfectant sufficient to jiroduce the color and odor 
desired), or it may be used as toilet-soap base for the less cxjiensive 
grades of milled goods. It is a “clean” nigre in comparison with 
those obtained from settled rosined soayi and where a variety of 
detergents are made sufficient outlet for its utilization will be found. 
The proportion of nigre, likewise the yield of good soay), is deter¬ 
mined by principles developed in the description of the manufacture 
of settled rosined soap. 

Waste Lye. —Waste lye from white settled soap, such as is used 
for floating-soap and toilet-soap base, is of the highest degree of 
purity of all waste lye ])roduced in the soap-works. As it comes 
from the best material it is richest in glycerin and, owing to the 
I)urity of the vehicle, it is recovered therefrom with the least trouble 
and expense. Wherever yjracticable stock lyes should be withdrawn 
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neutral and discharged directly to storage-tanks. Here they arc 
allowed to cool and to separate any soap held in solution, which 
on removal is returned to the nigre or rosined up in a boil of rosined 
soap. Strengthening lyes are worked over in separate kettles with 
fresh stock which on withdrawing the neutral lye remains as a 
basis for a new boiling of soap, either rosined or white, as desired. 
Pickle lyes arc of sniall volume and may be used at once in rosined 
soaps on either the rosin or strengthening changes. 

Shaving-soap.—The manufacture of shaving-soap is a specialty 
confined to but very few concerns with whom the article has at¬ 
tained a high degree of perfection. Shaving-soap should yield a 
profuse, firm, and jiermanent lather; the soap should not discolor 
or harden on aging or develop a rancid odor. The soap-stock 
required is tallow of edible grade. In spite of numerous formula! 
that arc continually being published, to secure the best results 
cocoanut-oil or cottonseed-oil is inadmissible as a stock ingredient 
and likewise directions for manufacture by the cold and semi- 
boiled jirocesses are equally unreliable. With regard to saponi¬ 
fication, it must be perfect and the product must be a soap of abso¬ 
lute neutrality. These essentials require the use of the grained 
process of manufacture. The care required necessitates the manip¬ 
ulation of comparatively small batches, the general procedure of 
boiling having been outlined already in the description of boiling 
milled-soap base and floating soap. The essential requisites, that 
the soap .shall not harden on aging and shall yield at once a pro¬ 
fuse and lasting lather, reejuire the use of a proportion of caustic 
potash; analyses of a j)0])ular brand of shaving-soap show that 
of the combined alkali in the finished j)roduct 25 per cent is potas¬ 
sium oxide and 75 per cent is sodium oxide, thus indicating the 
relative proportions of caustic potash and caustic soda used. 
Analyses also indicate a very low moisture content, without which 
the soap would dry, warp, and tend to discolor on aging. To 
secure the qualities requisite shaving-soap must be milled. A 
plodder of the type generally used in the milling process is shown 
in Fig. 158. The satisfactory incorporation of glycerin to which 
the emollient and non-drying properties of the soap are largely due 
is possible only by milling. Analyses indicate the presence of 8 to 19 
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per cent of glycerin. The firmness and ])ermancncc of t]ie lather are 
aided by the incorporation of a gum, usually tragacanth, which l)eing 
;;()lublc in water affects the lather at once. Gum is present in the 
finished soap to the extent of about t per cent. The incorpora¬ 
tion of glycerin, gum, and perfume, if any, is effected during 
milling. 

Medicated Soap.—The manufacture of soaj)* jio.ssessing Sjiecial 
properties in virtue of the addition of substances of which tlu'se 
])r()j)erlies are characteristic-as a rule medicinal agents and dis¬ 
infectants—is- a branch of the soaj) industry of some magnitude, 
d'he soap-base which serves as the vehicle for the medicament may 
be made by either the cold, semi-boiled, or grained process. The 
absence of free alkali being an essential re(|uirement of the finished 
product, together with a fair degri-e of durability in use, so-called 
milled soa]), which is prejiared usually by the grained jirocess, is the 
most common form of deli-rgent used for the incoqioration of such 
bodices as commend themsi-lves for medication by the skin. 

The True Function of Soap as a Medicament.—As the cura¬ 
tive pro])erty of the so-called medicated soaj) is rejiuted to reside in 
the medicament added, it may be well to examine the character of 
“medicated” soa]) in ])arlicular and soa]> in general in this res])ect. 
The ease with which medicinal agents can be incorjiorated with 
•soaf) and their intimate, though brief, and assumed remedial contact 
with the affected surface during alilution give rise to this class of 
toilet-soa]), especially the milled variety. 

Medicated soa]) may be divided for our ])resent ])ur])ose into 
two general classes, vi/.., ])ro])hylaclic and disinfectant soa])S, accord¬ 
ing to the character of the substance added to the soa]). Hy a ])ro- 
])hylactic is understood any agent that will ])revent disease; by a 
disinfectant, any agent that will kill ])athogenic or disease-pro¬ 
ducing bacteria. Anti.se])tics differ from disinfectants only in de¬ 
gree. An antiseptic will retard bacterial growth; a disinfectant 
will entirely ])rohibit it. Disinfectants in solutions too dilute for 
effective germicidal action, or a])])lied to the affected surface in 
any manner whereby their full efficiency is diminished, become 
antiscj)tics and to a more extreme degree worthless for their intended 
I)urpose. 
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To that j^oaj) of the character which we arc discussing the terms 
“medicinal” and “medicated” are loosely applied. We shall see 
before concluding that all soap, irrespective of cjuality or i)urposc, 
is medicinal, i.e., })ro[)hylactic, while only that to which a specific 
medicament is added is medicated. 


Ik'fore ])roceeding further, it will be well to consider the nature 
of these rudimentary ])arasitic organisms called bacteria. 

• Bacteriology teaches that bacteria are the smallest of living 
things yet known. They are not animals, but are members of 
the vegetable kingdom and are })ossessed of definite yet varying 
shapes. They consist i)f a jelly-like substance called i)rolo])lasm 
which is covered in and held in place by a well-formed membrane 
of a relatively hard and dense character, exactly similar in compo¬ 
sition to the woody fibre of trees. 

According to their shajje the bacteria are divided into three chief 
groups, called respectively cocci, bacilli, and sf)irilla. The cocci are 
spherical bodies and may exist singly or in pairs, in fours, in clusters, 
or in chains. In this grou]) we find the smallest bacteria known, 
many of them not over of an inch in diameter. The bacilli 

arc rod-like bodies, varying much in size in different species and 
in members of the same species. They arc larger than the cocci, 
measuring in length from ^sJoir of an inch to ro-no, and in breadth 
from TFsViTTr to Kiooo of an inch. Many varieties are possessed 
of organs of locomotion called flagella. 

The spirilla resemble the bacilli except that they arc twisted 
into corkscrew shapes or have gently undulating outlines. Upon 
an average they are much longer than the bacilli, one si)ecies being 
very long, measuring about elj,, of an inch. As seen in the natural 
state bacteria arc found to be colorless, but it is by the ap[)lication 
of various aniline dyes that they arc usually studied. These minute 
plants increase by a simple method of division into two equal parts, 
or by a more complex process of forming a seed—the so-called s])ore 
—which later on develops into the adult form. Under favorable 
conditions they arc able to multiply at an enormous rate; for instance, 
it has been calculated that a bacillus dividing one every hour would 
at the end of twenty-four hours have increased to 17,000,000; 
and if the division continued at the same rate wc should 
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find at the end of the third day an incalculable number of billions, 
whose weight would be nearly 7500 tons! 

But fortunately for our welfare, Nature by various means 
renders the })ossil)ility of such a hai)])ening entirely beyond the 
slightest chance of realization, her greatest barrier being the lack 
of an ade(juate food-suy)ply. 

The distribution in nature of bacteria is*well-nigh universJil, 
occurring as they do in the air we l)reathe, the water and milk wc 
drink, upon the exposed surfaces of man and animals and in their 
intestinal tPiicts, and in the soil to a (le])th of about 9 feet. But it 
has been noted that at very high altitudes and in glacier ice none 
exist, while in the Arctic regions and at sea far from land their 
numbers are very few. 

The conditions- governing their growth involve many comjdex 
jjroblems, but a few of.the chief factors concerned are moisture, 
air, food, temi)erature, ai.d light. All bacteria mu.st have moisture, 
else they die sooner or later, depending upon the hardiness of the 
s})ecie.s, and none can multiply without it. A suj)ply of air is by 
no means essential to all germs. To some it is absolutely necessary, 
and such germs are called aerobes. To others air is wholly detri¬ 
mental, and they constitute the anaerobes; while to the majority of 
bacteria air-sui)y)ly is a matter of indilTerence, and in consequence 
they arc grouped under the term facultative anaerobes. 

The food su])])ly of many consists of dead animal and vegetable 
materials, a few recpiire living ti.ssues, whilst a small number can 
exist wholly upon mineral salts or even the nitrogen of the air. 
The lowest temj)erature at which some bacteria can multiply is 
the freezing-j)oint of water and the highest 107° I'ahr. However, 
the average range of tenij)erature suitable to the majority lies 
between ()o° and 104° Fahr., 98^ Fahr. being the most suitable 
for the growth of disease-jtroducing germs. Light, ordinarily 
diffused daylight, or its absence, is a matter of no moment to most 
germs, whereas direct sunlight is a destroyer of all bacteria. 

The a])[)lication of soap in the treatment of germ disease is con¬ 
fined to its use as a i)rophylactic in removing pathogenic germs 
from the surface of the body and to its assumed use as a disinfect¬ 
ant in checking the progress of germ life that may have seemed 
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lodgment lliiTL'on. As ii pr()])]iyUiclic Ihe use* of soap has been 
claimed lo extend to the Held of medication by the skin. 


I I 



Fic.. 1 ^ 1 .— Wrlual Si'itioii of tlu‘Skm - 1. 7^, (Irnni'., oi (iilis vcni; C 

lisMK' lii-iuMth sl.iii, />, ( oiiiii-i ti\r lissiii-, l.ulilr i otiui-M li's; J<\ f:it lissui-; i! 

IJ, tiilx s of swiMl-f^laiuls, /, t)rilu«'s of t-\\i’at-fflainls. 

In a discussion of the use of soap for this purpose, as a vehicle 
for the medicament, il will be necessary to consider the structure 
and function of the human inli'gumeiit. 

'J'hi- skin is i'omi)osed of two layers, viz., the under layer, called 
the dermis, or cutis vera (true skin), conlaininf>; nerves and blood¬ 
vessels, and an exterior layer, the epidermis, formed from the der¬ 
mis and composefl of flattened e])ithelial cells, which ])rotect the 
sensitive true skin belf)W, and which are continually being shed 
as they lose their vitality. It is on this pf^rtion of the integument 
that micro-organisms lodge. 

’’J'he skin is ])rimarily an organ of elimination, not of absorp¬ 
tion. While the distribution of the total excreta of the human 
body is extremi-ly variable, it may be divided a])])roximately in the 
following way, although it must be remembered that the separate 
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proportions vary greatly under variable cireumstanccss by respi¬ 
ration about 32 per cent; by secretion through and evaporation 
from the skin about 17 per cent; by the kidneys about 46 per cent, 
and by the intestines 5 to 9 per cent. 

Medication by the skin contradicts a natural function and can 
be employed with satisfactory results only by the sole use of lliose 
vehicles, e.g., lanolin, etc., which possess marked penetrating power, 
and which must remain in contact with the affected surface foi* a 
considerable length of time. Pure lanolin is perfectly neutral, is 
veiy' difficult to sajxmify, and has no tendency to become rancid; its 
capacity for absorbing water is remarkable, taking up when kneaded 
with water about uo ]Ht cent, forming a plastic, cream-like fat; 
it also combines freely with glycerin; in both forms—hydrated or 
with glycerin—it forms an excellent basis for ointments, jiomatums, 
and for cosmetic ])urj)oses. • The extraordinar}' ca])acity \Yith which 
lanolin and lanolin ointments are ra])idly absorbed by the skin 
affords an unrivalled method of introducing effective remedies 
through the skin; as an evidence of how i)romptly this absor])tion 
and action takes ])lace the fact may be mentioned that, for instance, 
a lanolin corrosive sublimate ointment containing but ii/oir pt.‘r 
cent of sublimate ])roduces the metallic taste upon the tongue 
within a few minutes after application on any part of the body, as 
also that upon the application of a 10 ])er cent ])otassium iodide 
lanolin ointment, the ])resence of hxline in the urine will make its 
appearance in about one-half to three-quarters of an hour after 
ap])lication. No one of the known fats approaclies this e.xtraordi- 
nar)' ])ower of abs(>r])tion either by the skin or of water; lard associ- 
. ates with but 15 per cent of water, and ])etrolatum stands in this 
respect low(‘st on the scale of all fats, absorbing but 4 j)er cent of 
water and being least. absorbed by animal tissue. Jt will be evi¬ 
dent that the efficiency of such agents is greatly diminished by their 
incorporation with bodies ]jossessing little or no penetrating power, 
e.g., soap, and their results rendered nil by their application under 
the conditions associated with the use of soap in ablution. 

Too little emphasis has been ])laced upon the pro[)erties of soap 
itself as a ])rophylactic, the tendency being to attribute the natural 
properties of the detergent to the .substance incorporated with. 
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it, when, wiJh the proportion commonly added and under the condi¬ 
tions prevailing in use, the application of the soap is utterly without 
results that can be justly attributed to the medicament or other 
agent added. For the remedial agent to be effective in use, it must 
be present in the soaj) in such proix)rtions as would make the 
soap unsalable as a detergent through decomposition, efflorescence, 
repulsive odor, ot generally unattractive appearance. Owing to 
the small quantity of the medicament commonly jiresent, often its 
inertness or insolubility in water, its incompatiliility with the soap 
resulting in decomposition' whereby whatever virtue it jiossessed 
is destroyed, and the unfavorable conditions affecting its use, the 
so-called medicated soaji has little, if any, greater curative power 
than ordinary soai). 

A pure, neutral soa]) lathering freely in cold water, c.g., an olive- 
oil soaj), or any made from suitable stock admixture, as a floating 
soa]), is at once the chea])esl and most effective pro])hylactic known 
to j)reventive medicine. 

Turning to medicated .soajis containing disinfectants, other 
natural ])ro])erties of soap are exhibited. The disinfectants com¬ 
monly added to medicated soa]) of this character are mainly of coal- 
tar origin, consisting of phenol (carbolic acid) and its honiologues. 

Em])hatically true is it of disinfectant soaj) that soap intended 
for any detergent purpose cannot be made a satisfactory vehicle 
for the odorous disinfectants in effective amount; that when added 
to the soa])-base in amount seldom exceeding lo ])er cent, the nat¬ 
ural germicidal ])ro])erty of the soa]) itself is very little increased. 
This fact has been demonstrated by actual ex])eriment * with 2 per 
cent .solutions of ])ure curd and disinfectant .soa])s in contact with 
bacteria during periods varying from five minutes to four hours. 
Unle.ss in ])rolongefl contact with the surface of the skin, .soa]) is with¬ 
out disinfectant ])ower, and even though im])regnated w'ith a germi¬ 
cide, in the ha.sty ])roccss of j)ersonal ablution, with either quality 
of soa]), its germicidal ])Ower is reduced to zero. With respect 
to their energy as germicides, soap solutions differ but little. They 
arc all equally ca])able of being used as disinfectants in all cases 

* Dr Max Joliet, Zi-il. fur Hygiene; R. ReilhofTer, Archiv fur Hygiene; Prof, 
Sefariiu, Archiv fur Hygien^. 
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where they can be employed to advantage. The advantage they 
possess over other disinfectants consists in their ready* application 
and in their complete freedom from danger. As demonstrated 
by comparative experiments, they rank low where quickness and 
efficiency arc desired. 

The (tirative property generally attributed to medicated soap 
docs not reside primarily in the medicament added, but is inherent 
in the soap itself and is shared by every soap. The remedial value 
of soap lies, therefore, in the mechanical action associated with 
its use as a cleansing agent. 

The soap solution emulsifies and removes the oil exuded by 
the sweat-glands through the pores of the skin and the cast- 
off epithelial cells with the germ-laden dirt that has collected upon 
them. 

The remedial action of all soap, medicated or otherwise, is 
essentially mechanical. It removes the dirt and germs and softens 
the skin, the friction of ablution exercising and stimulating the 
excretory glands and j)roviding for the freer elimination of waste 
matter, the unobstructed discharge of which is essential to normal 
health. 

With the epidermis thus cleansed and softened, the skin is in a 
suitable condition for com])lete disinfection, e.g., with corrosive 
sublimate (mercuric chloride) solution t:iooo, as practised by 
surgeons, or for the apjdication of any medicament employed with 
best results alone or in a more suitable and effective medium than 
detergent soap. 

The Disinfectant Power of Common Soaps.—A large number 
of chemists have asserted the disinfectant i)ower of common soaj), 
'but they are not in agreement as to the necessary conditions to 
be fulfilled in its use. Professor Serafini, according to the Revue 
d'Hygiene, has tried to settle the matter by ex|)eriments which 
he directed at Padua. His conclusions are as follows: 

“ I. both hard and soft soaps have a marked disinfectant action, 
due to the soap itself, and not to uncombined alkali or fatty acid. 

“ 2. The alkalinity of a good soaj) is so slight, even in concen¬ 
trated solution, being only .14 to .192 per cent in a 5 per cent solu¬ 
tion, that it is quite insufficient to account for the disinfection. 
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“ 3. The alkali set ’ free on dissolving the soap would be 
equally ineffective alone, although it no doubt helps the general 
result. 

“4. As soap is not completely soluble in cold w'ater, it is to the 
soluble j)art that the action must be attributed. The disinfectant 
j)()wer is not altered by filtering the cold solution. 

“ 5. Hard-waler or other soa}) })rccipitants lessen the disinfecting 

« 

action, as does tfie presence of large amounts of carbonates. 

‘ “6. Heat assists the action, both by bringing more soap into 
solution and directly. 

“ 7. Ordinary filling is non-disinfectant. Hence the disinfectant 
power of the soap is lessened by its })resence and in proportion 
to lilt' extent to which the soaj) is filled. 

“ 8. Soa])s containing rosin are less di.sinfectant than other soaps 
in dirc'ct j)roportion to the amount of rosin present. 

“■(). Too much stress must not be laid upon the disinfectant 
power of soap for clothing. Strong soaj) solutions penetrate with 
dilficulty, es])ecially when the meshes of the fabric are clogged with 
foreign boflies. Tliese, loo, are often just those which cause the 
clothing to need disinfection. The solubility of the dirt in the soap 
solution, loo, is .slight or nil.” 

It will Ijc at once observed that No. 8 is simply a corollary of 
No. 7. 'rhe difiiculty alluded to in No. 5 can be cancelled by the 
simple ex])edienl of using a larger quantity of soap. Soft soaps 
generally contain mf)re water, glycerin, and other bodies which are 
not .soap, and are therefore inferior in disinfectant power to the 
hard .soaps. Colored soa]is, loo, are generally filled more than 
white soa])s, and are therefore less reliable. Jt may be regarded as 
certain that a good washing with soaj) is a very valuable disin¬ 
fectant ])rocess when no better can be had, and the soap .should 
be used at a high lemjierature and with as little water as practi¬ 
cable. Clothing, loo, should be soaked for some hours in the hot 
soap .solution as a |)reliminary process. 

It has been shown repeatedly that the soaps sold as dis¬ 
infectant soaps are not more effective than the ordinary kind. 
It often happens that the disinfectant added to the soap, and 
on which the sellers rely, reacts with the salts of the fatty 
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acids, with the result that the disinfectant powers of both arc 
cancelled. • 

Jhofessor Serafini attributes the o])inion of Reithoffer, Beyer, 
and Heyden, who deny the disinfectant i)o\ver of soap, to those 
chemists having ex})eriniented with low-class goods. 



CHAPTER XL 


ESSENTIAL OILS AND SOAP PERFUMERY. 

Essential Oils. Chemical Classification. Natural Sources. Methods 

i 

of Ii)xtraction: Mechanical; Maceration; Enfleurai^c; Indirect 
Extraction with Volatile vSolvents; Direct Extraction with 
Volatile Solvents: Distillation. Concentrated lissential Oils. 
Substitutes for lisscntial Oils. Natural Musk, C'ivct, etc. Adul¬ 
teration. Table of Common and Possible Adulterants of Essential 
Oils. ICxamination of Essential Oils. Blendinij of Perfumes. 
Soa]) Perfumery. Perfuminj; Milled Soaj). Perfuminj^ J^oatiiiLj 
Soap. Perfumin^^ Laundry Soa]). Use of Colors. Or<,^anic Colors. 
Inorganic Colors. Ap])lication of Colors. 

Essential Oils.— Organic nature abounds with a large number 
of bodies possessing an agreeable odor, which, with the excei)tion 
of mu.sk and civet, are of vegetable origin. To them the generic 
term of “cs.scntiar’ or “volatile” oils is given, the former being 
traditional and having reference to the fact that the odoriferous 
body was supposed to constitute the “essence” of the plant; the 
term “volatile” is more definite, but yet not satisfactory, in that 
a general proj)erty is inferred. The term “oil,” as applied to the.se 
bodies, is a vestige of days when comjjounds were classified, owing 
to limited knowledge of their com])osition, according to their j)hy- 
sical properties. Suffice it to say that these bodies are of com¬ 
plex composition and are waste i)roducts in the vital economy 
of the plants secreting them, but serve an important function as 
instruments of natural selection in repelling injurious insects and 
promoting cross-fertilization by pollen-carrying insects. The chief 
commercial value of essential oils resides in their perfume, 
which property is a direct result of their volatility, contact 
with the olfactory nerves being required for the production of 

378 
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odor. With volatile bodies difference oi odor arises from differ¬ 
ence of chemical composition. Owing to the complex com¬ 
position of essential oils, even the superficial study of which would 
carry us into the intricacies of organic chemistry, an entirely satis¬ 
factory classification according to chemical composition is not 
possible. Essential oils are complex mixtures in which the odor¬ 
bearing body is not only present in varying proportions in the same 
oil, according to conditions of growth and manufacture, but is like¬ 
wise present in oils of different botanical origin but of similar odor. 
As is fre(|uently the case, odor is to be attributed not to a single 
lx)dy but to a mixture of them. Fractional distillation of essential 
oils indicates that they are com])osed of a nearly odorless vehicle’ 
consisting of one or more hydrocarbons of the terpenc class, a jirin- 
cipal odorous constituent which may be an alcohol, phenol, alde¬ 
hyde, ketone, ether or ester, and small quantities of various other 
compounds. These modifying constituents vary in amount and 
character in oil obtained from different parts of the same plant. 

Chemical Classification.—A botanical classification is more 
rational, but for the i)ur})osc in hand a chemical classification will 
more fully sufiice to indicate the character of the respective txlor- 
bearing bodies and their influence in the art of perfume blending. 
In a consideration of essential oils with respect to the sense of smell, 
distinction must be made between quality and penetrating power. 
Quality resides in the chemical composition of the body and those 
IxKlies of similar composition possess the same or a similar odor. 
It will be shown later, however, that in a few cases, differently 
consiituted bodies possess a similar odor. The penetrating jxiwer 
of a b(xly likewise resides in its chemical composition, but is 
•greatly influenced by the condition in which it may exist. If by 
any means the volatility of a body is increased, its penetrating 
jKiw’er is to that degree’enhanced, as may be shown by its solution 
in alcohol and its reduction to a spray, whereby the evajx)rativc 
surface is greatly increased. 

Erdmann* classifies perfumes, or odor bearing bodies, according 
to their composition and the quality and penetrating power of their 
odors, into seven principal groups, in a descending order of the develop- 

♦Zeits. f. angi*w, Chcin., 1900 [5], 103-116. 
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ment of these characteristics, as follows: (i) Aldehydes; (2) alcohols 
and esters; (3) ketones; (4) phenols and phenolic ethers; (5) acids 
and acid anhydrides; (6) nitrogenous substances; (7) hydrocarbons. 

With regard to Group 1 , citral can be obtained by oxidizing the 
corresponding alcohol rhodinol (geraniol) or else the oil of linaloe. 
Furfural, one of the cyclic aldehydes, is always a constituent of clove- 
oil, in which it can be detected by the red coloration given with an 
acetic acid solution of ^ 9 -napthylamine. Benzaldehyde is obtained 
artificially from toluene, while its next higher homologue, ])henac- 
etaldehyde (distilling at go® C. under 15 mm.), which possesses a 
smell of hyacinths, can be obtained from cinnamic acid. It ])oly- 
merizes very readily. .-X-nisic aldehyde can be ])roduced by methyl-j 
ating _/>-oxybenzaldehyde, but is usually obtained by oxidizing 
anethol. It possesses the odor of the Jlowering whitethorn {Cra- 
tcpf^us o.xyacantha), and comes into commerce in France as “haw¬ 
thorn.” The solid sodium bisuljdiite comj)()und is also a commer¬ 
cial product. Cinnamic aldehyde is obtained technically from 
benzaldehyde. Vanillin, the essential ])rinci])le of the vanilla pod, 
which contains about 2 per cent, is very widely distributed. After 
its constitution had been determined by Tiemann, it was originally 
obtained by oxidizing coniferin, but at the ])resent time it is produced 
from eugenol obtained from clove-oil. This is first converted into 
isoeugenol, which is then acetylated and oxidized. No truly syn¬ 
thetic ])rocess for obtaining vanillin has been worked commer¬ 
cially, and in view of the low ])rice of clove-oil and of vanillin itself, 
such processes have no prosj)ects. Heliotro]>in, or piperonal, has a 
similar constitution to vanillin, and is obtained in like manner from 
piperin, the chief principle of ])epper, but it can also be produced 
more economically from isosafrol. It is valued for its use in cherry - 
blossom ])erfume. 

f.)f the alcohols and esters (Grouj) II), rhodinol, the constitution 
of w^hich has been determined bv Tiemann and Semmler,* is the 
principal ingredient of several imj)ortant essential oils, as ottar of 
rose, geranium-oil, and citronella-oil. In a i)ure state it has a 
somewhat stale (;dor; the associated ingredients of the natural 
source being, therefore, essential to the sweet honey-like odor of 
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TABLE XXIV—CLASSIFICATION OF PERFUMES ACCORDING TO COMPOSITION AND ODOROUS QUALITY. 

1. ALDEHYDES. 

Xos. I and 2, open chain, unsaturated; Xo. 3, cyclic; Xos. 4-11, cyclic, benMne series. 
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Butyric acid (pineapple-ether). 
Isovaleric acid (appje-oil). 
Pelargonic acid (artificial essence of 
cognac). 
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Nos. I and 2, open chain, saturated; Nos. 3 and 4, open chain, unsaturated; Nos. 5-12, cyclic, terpene series. 
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6. NITKO(;eN(_)US perfumes. 

Nos. !-3, open chain; No. 4, cyclii; Nos. 5-12, cyclic, benzene series. 


Nanu-.. 


Foniiula. 


Oi-i-iirs Native in 


Trimclhylaminc'. . . ('hcno])(Klium-<nl. 

I’ru.s-Mt u( i<l . . (WH. ()il (if hitter alrnoricls, laurel-oil. 

Allyl mustard-oil. . C'.,Hj.,NC’S. Mu.stanl-oil, horseradish, .Mli- 

aria olTicinalis. 

I \mII ' rivatfv<‘ in orange-oil Tirom the 

^ . ('Jl:('Fl/^ .^ unrijie fruit. 

/CHrClI'i 

Indole. (’1,114'^ / . Jasmine-oil. 

• \ .NH J 

IJen/.yl cyanide. . . t'l.llj.CIlX'N. Oil of cress (Leiiidiurn sativum, 

Tropa-olum inajus). 

Mandelic nitrile. (',,ll.;('Il(()H)('N. ,\lmond-oil. 

Nitrolieri/ene (oil 
of mirliane). . * 

Tonciuinol (Baur’s! 

musk) .| (',,II-(\<M., rjl„-( ll,, 

.\nlhranili( methyl 

e.stc‘r. I ■ 2 -(',,Il,-.\iI„-(' 0 ..f'H.,. ' Neroli, jasminc-oil. 

/('() - - • j 

•Anthranil.1 I I 




(Juinoline. f'c.lfiC 


S.NH 

/('ll; ('ll 

I 

S X:('I1 


7 . IIYDROC.VRHONS. 

Nos. i-io, cyclic Irrpcnc series; .\o\. 11 and 12, cyclic benzene series, 
d—de.xtro; I - hrvorotatory; i —optically inactive. 


•Xaiiie. 


Formula. 


(i-urs Native in 


1. I’inene. I'loHie. </-(Ierman turpentine, American lui 

pemtine, /-French luqientine. 

2. ('amphenc-. . .. .. ( 'loHir,. </-( )il of ginger, oil of spike,/-citronella 

oil, \aierian-oil. 

Eerie henc*. f'loMif.. French turpentine ('•’). 

4. Limonene. (KiHir.. </-(>range-pcel oil, lemon-oil, hen a- 

mot-oil, /-oil of .silver-leaved I'e, 
j-(clipenlcnc') oil of c amphor. 

5. Silveslrene. I uJ^ir.. Swedish, Russian turiienline. 

(». I’hellanclrene. .. . ('i.,IIi(i. c/-Watc‘r fennef-oil, elemi-oil, /-Aus 

tralian cue alyptus-oil. 

7. Terpinene. (’mlI k. . ('ardamom-oil. 

8. Teriiinolc-ne . . . (’nillui- 

c>. ('aclinene. I i:,ll-.>i. Oil of cade. 

10. ('aryojihjllene.. . ('i-.H-c. ('love-oil. 

11. Cumene. 1 •4'(’„U4'('H3(';,H7. . Oil of cumin, eyminum, thyme. 


12. Styrene . ('.Ilj-CIFCH,. 


Stora.x. 
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i 

attar of rose. Linalool is the chief ingredient of lily-of-the-valley 
perfume and occurs naturally in two different optically active forms 
together with linalyl acetate in bergamot, lavender, and orange- 
flower oils. Of the lerpene series, oil of peppermint, of which men¬ 
thol is the characteristic constituent, is one of the most important. 
Of the ketones ((iroup Ill), the cyclic compounds of the terpene 
series are the most important. 'J'his sub-grouj) contains camphor, the 
crude product being obtained by distillation with steam, of the roots, 
branches, and twigs of the camphor-tree (Cinnamonum camphor a or 
Laurus ramphora L.)\ the -liquid portion of the distillate consti¬ 
tutes oil of camphor, from which safrol is obtained by fractionation. 
Irone, the princi])le of orris-root {Iris Florentine), is isomeric with 
ionone. The latter is obtained commercially from cilral by con¬ 
densation with acetone, the first product being j)seudo-ionone, which 
in turn yields ionone on treatment with dilute sulphuric acid. 

The j)rcsence of guaiacol ((Irouj) J\') in birch-tar oil gives the 
latter the odor of Russian leather. J^ure anethol forms 90 ])er 
cent of oil of Indian anise (badiane), and is the raw product from 
which anisic aldehyde is obtained. Thymol is employed princijjally 
for its disinfectant (jualilies, while eugenol, the essential j)rinciple of 
clove-oil, finds an e.xtensive u.se for the manufacture of vanillin. 

Natural Sources.- With the excejitions of musk and civet, which 
arc secretions of the deer and cat of the same name, essential oils 
occur in varying ipiantities throughout the tissues of the plants 
secreting them. They are thus obtained from the root as oil of 
valerian; from the root and wood as oil of camphor; from the root 
and bark as oil of sassafras; from the wood as oils of cedar wood and 
sandalwood; from the bark and leaves as oils of cinnamon and winter- 
green; from the twigs as .spicewood-oil; from the leaves as oils 
of eucalyptus and rosemary; from the undeveloped flower as oil 
of cloves; from the fresh flower as oil of lavender and rose; from 
the fruit as oils of caraway and anise; from the peel of the fruit as 
orange- and lime-oils; from the bark, twigs, leaves, and buds as oil 
of cassia; and from the entire plant as oils of thyme and pepper¬ 
mint. Others are obtained from gras.scs as oils of lemon-grass and 
citronella; and from balsams, resins, and gum resins as respectively 
5torax-oil, frankincense, and elemi-oil. 
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Methods of Extraction. —Essential oils arc obtained from their 
natural source by a variety of methods the use of any one of which 
for the extraction of any particular perfume will be determined by 
the stability of the body producinj^ it and the state in which it occurs. 
The more delicate and elusive the perfume, the more refined must 
be the methods for its extraction; from which it will appear that 
the method emjiloyed for the extraction of oil of cedar-woorf is not 
adajited for the separation of the perfume of jasmine. The varkjus 
metlKxls of extraction may be classified as follows: (1) Mechanical; 
(2) maceration; (3) enfleurage; (4) extVaction with volatile solvents 
indirectly and directly; and (5) distillation. 

Mechanical. —This is jiraclicable mainly in treating the rinds 
of the citrus fruits (orange, lemon, etc.), which are considerable 
in bulk and contain oil in comparatively large quantities. One 
])rocess consists simjily in exyiression, the material being jiut into a 
jiress and subjected to heavy pressure. Another is to rub the fruit 
in a metal cup lined with spikes (cVuelle a j)i(juer), the oil settling into 
a hollow handle*, whence it is at length poured. An ecuelle on a 
brger scale, consisting of a drum lined with spikes, is also used. 
AnfUher method consists in squeezing in the fingers sections of the 
jieel turned inside out and taking up the oil with a sponge. 

Maceration.— Jiy this method the* flowers are immersed in a 
bath of ])ure neutral fat as tallow, lard, or olive-oil maintained at 
the reijuisite temperature by means of a water-bath. Fresh flowers 
an* added as the yierfume of the ])re\’ious charge is exhausted, and 
the latter removed, until the desired strength has been obtained. 
When a solid fat is used the saturated yiroduct is called a y)omade; 
when a lityuid fat as olive-oil, an huilc antique. These perfumes 
when extracted from the fat \'ehicle with alcohol form the extraiis, or 
floral pomade washings, of the perfume trade. When the flowers are 
allowed to remain too long in contact with the fat, the perfume 
suffers deterioration from the absorption of inferior odorous bodies 
from the flowers. 

Enfleurage. —Jly this method extraction is effected at normal 
temperature, whereas by maceration a temperature of C. 

is emjiloyed. The aj)j)aratus consists of rectangular wooden frames 
about 24 inches long by 18 inches broad and 2 inches in depth. 
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In a groove .all around the inside of each frame at half its depth 
a strong sheet of glass is inserted. The frames thus prepared arc 
known as “chassis”; the separate “chassis” are laid uj)on each 
other to form a “[)ile.” 

On each surface of the sheet of glass in a “chassis” is spread 
a layer of y)reparcd fat amounting to abf)Ut 200 grams (7 oz.), 
which '])roduces a ‘coaling some millimeters in thickness. These 
are^‘ chassis a ])omade.” 

There are also “chassis a huile,” which consist of larger frames 
than the above, furnished on the inside with diaj)hra;gms of iron- 
wire netting instead of with sheets of glass. ()n llie wire trellises 
are s})read y)ieces of cotton cloth soaked in olive-oil of the very 
finest quality, 'i'hese “chassis” are also jilaced one iijion another 
to form “])iles.” 

The fresh tlowi'i's an* s])read directly on the layers of fat, or on 
the oil-soaked tloths, and remain in contact with them for 24 hours; 
they are then removed and rcjilaced by another batch of fresh 
flowers, d'hi. ojK*ration is rejieated until the pomade or oil is satu¬ 
rated with the ])erfiinu‘ to the desired (‘Xtent, the ])rocess generally 
occujiying twt) or three* montlis. 

When the desired di‘gree of saturation is attained the jiomadc 
is removed from the “chassis” or the jierfumed oil is exjiressed 
from the cloths by mean-; of a hydraulic jiress. 

Maceration and jiarticularly enlleurage are emjdoyed for the 
most delicate odors as cassie, orange flower, heliotrope*, jasmine, 
jonquille, mugui't, resc*da, rose, tuberose, and violet. 'J'hese methods 
are slow and costly and give constant encouragement to the preyia- 
ration of synthetic .substitutes for their jiroducts. 

Indirect Extraction with Volatile Solvents. — This method 
supplements extraction with non volatile solvents, viz., macera¬ 
tion and enlleurage. \ jiomade washer, Fig. 145, is emyiloyed for 
this jiLirpo.se. This device is essentially a water-jacketerl crutcher 
with detachable agitators. Idle lids are tight fitting and have a 
stuffmg-liox at the point where the agitator shaft yiasses thnjugh, so 
that there is no jiossible chance of evaporation of the material. 
'Fhe tanks are quickly detached from the shaft above when nece.s- 
sary to remove them from the frame. There is an opening in 
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each lid for adding material while the machine is running. The gear¬ 
ing for each tank is provided with a clutch for starting and stopping 
the agitator. The operating mechanism is so arranged that the agi¬ 
tators arc turned fifteen revolutions in one direction, then reversed 


r ^ 



Fi(i. 145.—I’uni:iclc-washcr. 


automatically and run the same number of revolutions in the 
('p])osite direction. 

Extraction of jierfumes from ])omades by the use of alcohol is 
based ujion the insolubility of the neutral glycerides, used as the 
absorbent of the perfume, in this solvent. Extraction therefore 
becomes a simple washing process. Second and subsequent wash¬ 
ings, if made, are usually employed for the initial extraction of 
fresh batches of the same material. The washed jiomade, which 
yet remains highly perfumed, may be used as a soap perfume, but 
is more commonly used as a cosmetic. 

As a matter of fact,* a close examination of the old method of 

* Schinimcl & ('o., April, 1 )Oo. 
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combining the floral odors with enormous masses of fat and offer¬ 
ing them to the perfumer in the form of the so-called pomades 
gives an opening to the most severe criticism. For every manu¬ 
facturer knows that the fat, when macerated or strewn over with 
flowers, will absorb the floral odor only imj)erfect]y, and that wash¬ 
ing with alcohol produces extracts of which the odor completely 
misses the fresh scent of the flower which they are supposed to re- 
pnrduce. All ])omade washes, without exception, suffer from an 
insipid, flat odor, caused by the particles of fat contained in them. 
The belief that it is possible to free the washes from these particles 
of fat by freezing is quite wrong, as notwithstanding the applica¬ 
tion of the most intense cold, particles of the fat (fatty acids) re¬ 
main in solution in the alcohol, injuriously Jiffecting the odor and 
the ])ermanency of the extract. 

Direct Extraction with Volatile Solvents.—^.Ml devices cmj)loycd 
in this method work on the i)rincij)le of a percolator, a subsequent 
stej) being the distillation of the solvent whereby the dissolved body 
may be recovered. It is evident that not only will the odor-bearing 
body be extracted, but also all substances soluble in the solvent 
used. Whether this process can rei)lace extraction with non-vola¬ 
tile solvents or absorbents will be determined by the ease of puri¬ 
fication of the concentrated j)roduct and the character of its odor. 
A modern extraction device for the operation of this process, wherein 
percolation and distillation are combined, is shown in Fig. 146. 

This aj)j)aratus consists essentially of three receptacles, A, B, C, 
with which arc res])ectively connected the cooling-worms, 5*, 5^, 

placed in the interior of a vat, D. 

The three receptacles are connected through the intermedium 
of a pum]) and pipes ])ropcrly arranged. 

'Fhe receptacle B receives the liquid designed for drawing the 
perfume from the flowers, \^^ilich are placed in a wire-gauze basket 
arranged in the receptacle C. A screw mounted below this basket, 
the centre of which is made hollow, causes a constant circulation of 
the dissolving liquid in which the flowers are immersed. The 
basket is refilled at intervals by raising the cover of the receptacle by 
means of the pulley sus})ended above it. 

The receptacle B having been previously filled with the proper 
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solvent (carbon disulphide, acetone, or j)e\roleum ether), the valves 
of the three-way cocks are pro})erly set to cause the liquid 

from the receptacle B to pass into the receptacle C, when the 
pump is started. The course followed by the liquid is indicated by 
the unbroken arrows. As soon as C is filled, the cocks, R}y R?, 
are closed, and the belt is shifted from the pump jiulley to that on 
the shaft which controls the screw, thus setting the latter in motion. 
The exhaustion of the flowers then begins. 



Fig. 146.—Arrangrmfnt of Extractors Kiiiployed by the Sorictc dcs Parfums du 

Ivittoral at Frejus, France. 


When this first ojieration is finished, the reccjitacles C and A 
are pul in communication through the cocks R\ R-, and the liquid 
derived from the exhaustion is forced in the direction shown by the 
dotted arrows. 

Having entered the receptacle A, the solvent is expelled by a 
current of steam and enters the reservoir B in a state of absolute 
purity, ready to be used for a second operation. The products 
of exhaustion remain in the receptacle A, whence they are easily 
removed. Upon the operation being several times repeated, the 
odoriferous substance contained in the flowers is completely ex- 
tracteil. At the end of the final operation, the material treated is 
heated by means of a worm in which steam circulates, so as to expel 
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completely the liquid with which it is impregnated. Nothing is 
lost and the- solvent is led back to B to be used again. In order 
to j)revent any loss during the distillation, which may be watched 
through two small windows i)laced on the right and left of the vat, 
D, communication between the reservoir B and the atmosphere 
is established by a worm, S‘^. 

The crude product of the exhaustion is concentrated in a water- 
bath and i)urified * carefully by appropriate methods. 

Distillation.—The greater number of essential oils are extracted 
by steam distillation, direct fire being employed only with the most 
])rimitive a])paratus. The process comprises (i) reduetkm of the raw 
material to a condition that will permit of the freest separation of 
the oil; (2) distillation in an apparatus especially constructed for the 
material to be treated and wherein steam may be used either satu¬ 
rated or su])erheated with closed coil, or with free steam and aque¬ 
ous distillation, or these methods of aj)plication of steam singly or 
in combination in a continuous process or intermittently in partial 
vacuum; and (3) cooling and condensation of the vapor and purifica¬ 
tion of the crude distillate. The distilling a])j)aralus consists essen¬ 
tially of a boiler or retort in which the raw material is jilaced, a 
source of heat, a condenser and suitable recc'iver for the collection 
and separation of the ]m)ducts of distillation. 

When any jilant or jiart of a jilant is distilled by steam, a mixture 
of various chemical bodies will always distil over with the vapor, 
although the distilling material may not contain any essential oil 
whatever. Some of these bodies pre-existed in the plant itself as 
such, others have been formed by decomposition in the process of 
distillation. In cases where the distilling material contains an 
essential oil, the decomposition products of this oil are added to the 
chemical bodies referred to. Distillation products of this descrip¬ 
tion arc most undesirable bodies from the manufacturer’s point of 
view, as they form impurities in the oil. Among them we * have 
found the following: Sulphuretted hydrogen, acetaldehyde, valeral- 
dehyde, acrolein, ammonia, acetic acid, the lower and higher fatty 
acids, phenols, and hydrocarbons. By means of suitable processes 
of distillation the formation of these decomposition jiroducts may 

* Schimmcl & Co., April, i8g5. 


Fig. 147.—Distilling Apparatus for Essential Oils. 393 















394 


AMERICAN ^OAPS, CANDLES, AND GLYCERIN. 


be greatly reduced; ui'idei*favorable conditions they may be limited 
to an almost* imjjerceptibly small residue, {)r they may be so altered, 
according to their characteristics, that they may easily be removed 
by subsequent rectification of the oil. We have also noticed, 
how^‘ver, that these subsidiary products of distillation dei)end not 
only upon the distilling ])rocess and, naturally, upon the raw mate¬ 
rial, but that they vary to an exceptional degree according to whether 
the material is distilled in the fresh or the dried state. Distillation 


of the fresh material produces principally impurities in the shape 
of highly volatile, easily removable by-i)roducts (fresh leaves, for 
instance, mostly liberate currents of sulphuretted hydrogen), but 
in the distillation of dried material, even though it be distilled by 
steam in the same way as the fr(*sh, empyreumatic bodies of a highly 
objectionable sharp and acrid odor, and a dark color (hydrocar¬ 
bons, j)henols, etc.) go over. 'I'his shows that there are certain 
vegetable materials which suffer chemical decomposition in the 
])rocess of drying. The essential oils contained in them are 
likewise affected by these processes of decomj)osition, oxidation 


and polymerization, so-called “resinification 


being the result. 


Concentrated Essential Oils.—-Fractional distillation of essential 


oils shows that they consist of a vehicle of inferior odor which usually 
contains two or more hydrocarbons of the terjjene class ((Iroup 
VIT, page 385), and a ])rineipal odor-bearing body which may 
be rej)resented by any of these ])resent in (Iroups l-V, pages 
381, 384, accompanied by smaller (juantities of various bodies of 
indefinite com])osition. By subjecting essential oils, where imicti- 
cable, to fractional distillation, the vehicle' can be se[)arated, leaving 
the remaining oil with an increased ])ercentage of the characteristic 
odorous constituent. In this manne'r concentrated oils of anise, 
caraway, coriander, eucalyptus, lemon, etc., may be obtained. 
Concentrated oils are used chiefly in the preparation of liquers, 
syrups, and confectionery. They dissolve at once to a clear solu¬ 
tion in spirit of lower strength than is re(]uired for the unconcentrated 
oil. When used in alcoholic solution in perfumery, the odor is not 
fully develoj)ed until after the alcohol has evaporated. It will be 
evident that in the preparation of oils of this type, synthetic bodies 
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possessing odors of the characteristic constituents maj' be added 
to the original oil and in other ways great latitude allowed for the 
art of the compounder. 

Substitutes for Essential Oils.—The difficulty of manufacture 

0 

and high price of essential oils have encouraged their substitution by 
cheaper and, if possible, equally efficient products. This encourage¬ 
ment has been directly pro[)ortional to the choiceness of odor and 
])rice of the original body and the ease and cost of preparing 
the substitute. I'liese substitutes form two general classes, viz., 
bodies isolated from essential oils and bodies obtained by synthesis 
either from coal-tar jjroducts or from bodies isolated from essential 
oils. In the former class may be included the bodies mentioned in' 
the following list, which is not intended to be complete: 


Tsoliitfd Hofly. 

('hief Niilural SourcT. 

Safrol.:. 


Kiigenol. 

.Oil of cloves 

Carvol. 

.Oil of caraway 

Cinnamic aldehyde. — 
0 


Citrol. 

.... .Citrus oils, lemon, lime 

Eucalv|)tol. 

.Oil of cucalv[)tus 

Geraniol. 

.Oil of geranium 

Linalool. 

.Oil of linaloe 

Menthol. 

.Oil of pei)pcrmint 

Anethol. 

.Oil of anise 

Turpentine. 

.Crude tur])entine (oleo-rcsin) 


With the exception of the last, these bodies are representative of 
the c(mcentrated-oils mentioned in the preceding i)aragraph. Many 
isolated bodies, as eugenol, citrol, safrol, oil of turpentine, ancthol, 
linalool, etc., serve as the basis of subsequent syntheses which, 
with the lx)dies mentioned, produce res])ectively—vanillin, the odor 
of vanilla; ionone, the odor of the violet; heliotropin, the odor of 
heliotrope; terpineol, the odor of the lilac; anisic aldehyde (aube- 
pine), the odor of hawthorn; and linalyl acetate (bergamid), the 
odor of oil of bergamot. 

Simple substitutes of coal-tar origin may be mentioned—as nitro- 
bcnzol (oil of mibane) and benzaldehyde, for oil of almonds; 
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methyl salicylate, for oil of wintergrecn; cinnamic aldehyde, for 
oil of cassia; and methyl benzoate (oil of Niobe), with an agreeable 
balsamic odor. More involved syntheses from coal-tar products 
are required for the j)reparation of cumarin, the odoriferous prin¬ 
ciple of the tonka bean, which with suitable blending reproduces 
the odor of new-mt)vvn hay, ancl artificial musk, a chcaj) and more 
or less satisfactor}' substitute for the natural product. 

^All the artificial musks known in the trade arc ])ro(luce(l from 
homologous members of the benzene series which under the action 
of concentrated nitric acid give rise to dinitro or tnnitro <leriva- 
tives ])ossessing a strong smell of musk. 

Natural Musk, Civet, etc.—^.\rtificial musk although used ex¬ 
tensively is inferior to the natural ])roduct in delicacy and perma¬ 
nency of odor. Natural musk is the ])r(])utial secretion of the 
musk-deer [Moschus moscltijcrous), native to the Atlas and Hima¬ 
laya Mountains. The com])osition of the body jmxlucing the 
odor is undetermined and is in no sense identical with that of 
the synthetic substitutes. The crude i)roduct occurs in the market 
in jjods and grains in the following grades, named according to 
the habitat of the deer: 'J'oncjuin (Thibetan or Chinese), Nepaul, 
and Gabardine. Grain musk is that extracted from the pods and 
is more expensive than the ]K)ds. 

Civet is a glandular secretion of the civet cat, native to northern 
Africa and the Indian Archipelago. It is of luiuseating odor when 
in concentrated form, but w’hen diluted, as in tincture, it is valuable 
as a binder or fixer of other perfumes. 

Ambergris is a product of the spermaceti w'hale. It possesses 
a strong odor suggestive of musk and is handled as a tincture. 

Gum benzoin is an exudation of the Siyrax henzoinf a tree native 
to Sumatra, Java, and Siam. It has a very i)enetrating odor and 
is used to give body and permanence to j)erfume mixtures. 

Adulteration.—The practice of adulteration of the volatile oils, 
which is probably as old as the manufacture itself, had, in the begin¬ 
ning, a certain justification, as w'ith the incomplete technical equip¬ 
ment of the early times the addition of fatly oils, turpentine-oil, or 
alcohol was often necessar}' in order to extract from the plants 
their odorous principle. Later, when the preparation o£ the pure 
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oils because known, the practice of making these additions was 
still retained. 

Even thirty years * ago it was customary to distil coriander 
with the addition of orange-oil and to ])ut the distillate on the 
market as coriander-oil. Since ])ure coriander-oil can now be 
prepared without difficulty, the product obtained by using orange- 
oil as it is found now and then, even at the prosent time, nvust be 
considered as adulterated, and if the foreign ingredient is not made 
known, its sale is a fraud. 

The adulteration need not always be by the addition of a less 
valual)le body; it sometimes consists in that the more valuable 
constituent of the oil has been ])artially removed. The effect is 
the same, whether from a caraway-oil of the specific gravity 0.910 
so much carvol be remo\'ed that an oil of the specific gravity 0.890 
remains behind, or whether the same result is attained by the 
addition of limonene to the same oil. 

Although the adulterations themselves find a sufficient explana¬ 
tion, mostly in thi' ]>rofit and the pecuniary advantage to the 
adulterator, it cannot, however, be denied that often the igno¬ 
rance of the consumer, and above ;dl the desire to buy as cheaply 
as ]K)ssible, is the cause of the spurious comjiosition of many oils. 
More than once the producer may have been induced to adulterate, 
because he found no buyers for his ]>ure products at a reasonable 
])rice, while his adulterating comjietitor was able to do a lucrative 
business at lower jirices. 

The main reason for the extensive adulteration to* which vola¬ 
tile oils have been subjected at times is to be sought in the fact 
that the detection of adulterants was very difficult and often entirely 
impossible. 

Owing to the growth of scientific knowledge of the terpenes and 
their derivatives great jirogress has been made during the last ten or 
fifteen years in the detection of adulterants. Knowing the comjiosition 
of not a small number of volatile oils, it has become possible not only to 
distinguish between a pure and an adulterated oil, but also to judge 
the (juality of these oils. This is effected by estimating the amount 

* “The Volalik- (lils,” lunijjilt'd by Doctors (lilclcmcisltT and Hoffmann, under 
the au-spiccs of Schlnimol & Co., Leipzig, Germany. 
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TABLE XXV.—COMMON AND POSSIBLE ADULTERANTS OF 

ESSENTIAL OILS. 

(ComiiiU'fl hy Dr. Oc'u. R. Panroast and Lyrnan F. KfhliT.) 


Essc’iitial Oil. CiminKin and Possibli’ AdiilUTant. 


.Mmonds, billrr. Oils of aimcot-or [leat h-kcrnel.s, alcohol, nitrohcnzol, lurjK'n- 

tinc, and hcnzaldchydc. 

Aniscc'd. Sja-rmai cti up lo 35 ])erccnt, alcohol ujj lo 80 per cent, kerosene, 

wa.x, oils of fennel, cedar, i ojiaiba, camphor, lurjicnline, 
' fennel, slearojdene, and oil of caraway (both from seed and 
chalT). 


.Angelica.Copaiba. 

.Amber, crude.Resin mixed with coal-oil and turjtentine. 

.AmlxT, reitified ... . Resin-oil, lurpenlini', and kercisene. 

Bay.Cloves, jjimento, turpentine, and oils containing phenols. It 

has been adulterated with redistilled oil of tinnamon-leaf 
with slight admixture of redistilled oil of lemon-grass. 

Birch. Methyl .salicylate. 

Bergamot. Tycmon, orange, Fremh turpentine, lina'oe, and fatty oils. 

('ajeput.Oils of cam])hor and turpentine. .\ mixture of ro^en.ary -or 

savin-oils with cainphor and resin of milfoil is often sub.ti- 
tuted. 

Cajeput; Formo.sa . . Said to be a mixture-of cajeput and oil of lamphor. 

C'amphor. Benzine, toal-oil, turpentine (one case 25 ])er lent). 

('anada snakeroot . . Copaiba. 

Cananga. Coe oanut-oil. 

Cas.sia.Coal-oil, fatty oils, resin (one case iK per cent), oil gurjun 

balsam, iloves, tinnamon-leaf, cedar-wood. 

Caravvay-.st-ed. Tur])entine, oil t)f t araway-chalT, and added limonene. Term 

‘‘twice rectified ” for this artii le is rather mi.sleading, as eat h 
ret tification reduies per tent of carvol. 

Cedrat. Mixture of tirange and bergamot. 

('edar. Ilemlotk, sjirute, turpentine, oil of camphor. 

Cedar-leaf. Cedar-wood, thuja. 

Celery-.seed.Celery-leaf, turpentine. 

Chamomili'.Cedar, copaiba, turpentine, milfoil, lemon; lemon- or tur¬ 

pentine-oils sometimes distilled over t hamomile-llowers. 
f'innamon. ('loves, cas.sia. 

Citronella. Japanese oil oftamjihor (light variety’), fatty oils, oil of gur¬ 

jun, toal-oil, tt)toanut-t)il. 

Coriander. Orange, ciibeb, cedar, turjientine; oil tif orange di.stilled with 

(tiriander. 

Copaiba. Oil of gurjun balsam. 

Clove. Clove-stems, fatty oil.s, ctijiaiba, pimento, coal-oil, tur])enline 

('ubeb.Ctijiaiba. 

('urafoa orange.Bitter orange and lx;rgamt)t. 

Dill. Oil of c araway-chalT, mace, turpentine. 

Eucalyjitus.Cheaper grades tifeucalyjitus. 'I'urpentine is saitl to “smooth ’’ 

a “rtiugh” oil. 

Fennel-seed. Fennel-t half, alttihol, oils containing jihenol. 

(leranium. (Jinger-grass, rettified citrtinella, fatty oils. 

Geranium, Turkish. Fixetl oils, turjicntine, ctial-oil. 

Ginger-grass. Mineral oil, turpentine. 

Hemlock. Sprute, turjientine. 

Juniper-wood. 'I'urpentine. 

Lavender, garden. .. . Spike, oil tif camjihor, turpentine. 

Lavender fltiwcrs. 'I'urpentine, alt tihol, ester added to poor oil. Method of dis- 

tillatitin freijuently tauses variations in specific gravity, op¬ 
tical rotation, and .solubility. 
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COMMON AND POSSIBLE ADULTERANT'S 6 f ESSENTIAL OILS- 

{Coutinued'). , 


Ksscntial Oil. 


Gimmun anil Possiblf Adulterant. 
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of the principal or the most important constituent. In lavender- 
oil, bergamot-oil, petitgrain-oil, and others the amount of esters 
present is, therefore, determined; in thyme-oil, clove-oil, bay-oil, 
and Cretian origanum-oil, the amount of phenols is estimated; in 
cassia-oil and lemon-grass oil the amount of aldehyde. The assay 
of sandalwood-oil shows how much santalol, that of palmarosa-oil 
how much geraniol, is contained in the oil. The quality of the oils 
named finds numerical expression in the percentage strength of 
the active constituents, such as esters, phenols, aldehydes, and 
alcohols. 

I 

In a second class of oils, whose composition is likewise sufliciently 
known, an assay is not yet possible. The reason for this is two¬ 
fold: first, the value of the oil dejicnds not uiion a single con¬ 
stituent, but u])on the blending of the properties of several; and 
secondly, the chemical methods of investigation arc not sufficiently 
developed. 

With these oils the examination is restricted, as a rule, to the 
determination of the normal comjiosition of the oil and the absence 
of commonlv used adulterants. Such oils are lemon-oil, orange- 
oil, rosemary-oil, and spike-oil, which should be tested particularly 
for turpentine-oil. 


Examination of Essential Oils.—Essential oils are tested for sophis¬ 
tication by physical and chemical methods, both varying according to 
the oil under examination. Physical methods com])rise the follow¬ 
ing enumerated tests: Comparison of ])hysical appearance and rulor; 
determination of solubility, usually in alcohol of definite strength; 
determination of sjiecific gravity; determination of congealing and 
melting-])oints; optical rotation; refractive index; and separation 
of constituents of dilTerent boiling-jioints by fractional distillation. 
Chemical methods vary with the characteristic constituent or con¬ 
stituents of a given oil and may be classified as follows: 

Determination of aldehyde by the bisulphite process. This 
method is ai)])licable to aldehydic oils as those of Class I, jiage 381, 


of which oil of cassia is the 


chief rejiresentative. 


Determination 


of esters by sa[)onification, a])]ilicablc to the oils of Group II. De¬ 


termination of alcohols by acetylization, also ajipli cable to oils of 


Group II, and in th^* determination pf total esters beforp and after 
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saponification this method is combinc(f wi’th the preceding one. 
Determination of phenols by the caustic-potash met hod, ■applicable to 
the bodies of Group IV. Numerous other chemical tests are avail¬ 
able for the detection of particular bodies as jfinene, ])hillandrcne, 
alcohol, fatty and mineral oils, for a more extended and detailed dis¬ 
cussion of which, together with the natural historj', chemistry, and 
manufacture of essential oils, the reader is referied to a recent 
exhaustive and very able work entitled “The Volatile Oils” (English 
translation by Kremers), by Gildemeister and Hoffman. 

Blending of Perfumes.—The blending of ])erfumes is a recognized 

9 « 

art which requires intimate familiarity not only with the chemical 

and })hysical j)roperties of each essential oil, gum, resin, balsam, 

« 

or animal ecretion, ])roducing an agreeable and enticing odor, but 
Avith the modifying, or j)erhai)S d(“structiv(‘, inlluence of each uj)on 
the other as they are compounded. 'I'he study of these j)ropertics 
by actiKil exjx'riment and the harmonious blending of the various 
bodies in different j)roi)ortions to j)roduce different results, together 
with the j)re])aration of the raw material, notably alcoholic extracts, 
in which condition all gums and animal odors, as well as the more 
ex])ensive synthetic compounds and natural oils arc used, rectuires 
a sum of knowledge and experience amply sufficient to give rise to 
the special art of the jjerfumer. 

The perfume, after having been elaborated, must again be 
studied in connection with the article to be ])erfumed, or as is com¬ 
monly the case, the article to be perfumed determines th(‘ character 
of the perfume used. The entire art is one of ceaseless experiment 
made more exacting by the ])0])ular demand for novelties. When 
pref)ared for direct sale as a perfume, the article consists of a vola¬ 
tile vehicle, commonly pure alcohol, diluted in varying proportions 
with water, in which is dissolved the orlor bearing body. The 
latter is usually a mixture of bodies combined in such })roportions 
as to most fully reproduce the scent or flavor of a j)articular ffower 
or fruit, or to j^roduce any distinctive odor necessarily agreeable. 
The odor bearing body may be resolved roughly into three parts, 
viz., the distinctive odor, the modifiers, and the fixer. It is im¬ 
possible to make any rational classification of odors. Riimner has 
attempted this in the following table in so far as he has grouped 
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similar odors into a single class rcpresenlcd by a typical odor. The 
tabic is incdmplele, but possesses some value in suggestion in the 
study of odors. 


Class. 

Type. 

Rose. 

The rose. 

Ja.smint‘. 

The jasmine. 

()rangi'., .... 

Orange-flower, or neroli. 

TuluTCISf. 

T u'oerose. 

Vidli'l. 

Violet. 

llal.samic. 

V'^anilla. ... 

S|)i( V. 

Cinnamon. 

f’arvopli\llai roils. . 

('love. 

Camphor. 

('anijihor. 

Sandal. 

Sandalwood ... 

Citrine . 

Citron. 

Lavender. . 

T.avender. 

Mint. 

Pepiiermint. 

.\nise. 

.\nisi'. 

•Mmond:. 

liilter almonds. 

M usk. 

Musk. 

•Amber. .. 

.Ambergris. 

bruit. . . 

Pi'.ir. 


Otliirs (if thi- Sami' Class. 


(Jeranium, eglantini', j)alissan(kT. 
I.ily of the valU'v, ylang-ylang. 
Aiaiia, syringa, orangt'-Icaf. 

I.ily, jorn|uil, narc issus, hyacinth. 
('as.sis, iris, mignoiirttf. 
lialsams of Peru and Tolu, benzoin, 
■stora.N, lonka bean, lieli()lro])e. 
Nulnu'g, mace, allsjace. 

Pink. 

Rosemary, ])atc'houli. 

Vc'liverl, cc-clar. 

Orange, bergamol, cc'clral, lime fruit. 
■\s])ir, thyme, wild thyme, marjoram. 
Wild mint, basil, sage. 

.^nisc'c'd, caraway, dill, fennc'l, cori¬ 
ander. 

laiurel, nut, mirbane. 

('ivet, musk-seed, cuusk-plant. 

: -Xpjdc', j)inc-ai)]>ie, ()uin(c'. 


By a “modifier” is understood any additional odor or odors 
u.sed to “soften,” “temjier,” or “mellow” the di.stinctive jterfumc 
and is as variable in character and jiroportion as are the individual 
la.sles of ])erfumers. 'J'hus the oils of cedar-wood, cassia, lavender, 
ro.semary, thyme, caraway, cilronella, eucalyjtlus, etc., may be 
used to moflify the odor of .safrol, which constitutes the base 
of many jierfume mixtures for laundry soap; whether the odor of 
the latter will lx* the distinctive odor depends u})on the number, 
character, and ])roportions of the modifiers. 

By a “fixer” or “binder” is understood any body or mixture 
of bodies, commonly used as alcoholic extracts, rejiresented by 
ambergris (gray or black), babsams of JVru, Tolu, and storax, gum 
::3en7Xjin, orris-root (violet), vanilla (vanillin), glycerin, civet, and 
musk, emjdoyed to efjualize the different rates of evaporation of 
different jierfumes. Glycerin has been recommtmded to the extent 
of 4 })er cent of the alcoholic .solution to retard the evaporation of 
readily volatile bodies. When the fixer jiossesses a characteristic 
odor, as do all the others mentioned, it assumes the function of a 
modifier as well. Musk and civet in common with others mentioned 
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possess in a high degree this ])r()perty of harmonizing the different 
degrees of volatility of different ])erfumes whereby the lil)eration of 
the odors of the ingredients bi'comes more simultaneous and less 
of a successive separation. This ])ro])erly is manifested by such 
small j)ro{)ortions that the characteristic (ulor of the fixer may not 
be discernible, yet the body and permanence of the combined odor 
are increased. 

Tinctures (infusions) of the fixers are obtained by trituration 
of the raw material with alcohol, the odors of which develop greatly 
on aging. ^With musk, exhaustion of. the strength of the ])od and 
the development of the odor are aided by the addition of a small 
])ro]M)rtion of carljonate of j)otash. The following is the strength 
of the more important tinctures as they are commonly jiurchased: 


I'incturc. 

Troporlitni. 

Rflativf Cost 

])iT Pound. 

Ambergris (grav). .’. 

.. 4 ozs. to 1 gallon 

$t0.OO 

Civet. 

^ i ii ii 

0 

0 

• 

(lum benzoin (Siam). . . 

.. 2 lbs. “ “ 

J.50 

Musk (Nejiaul). 

.. 4 ozs. “ 

l-l .00 

Orris-root. 

bills. “ “ 

0.()0 

A'anilla (Mexican). 

... 1 lb. “ “ 

4.00 


J'’ixers may also constitute the base of a ])erfume mixture and 
those ])ro])erties whicli militate against their sejiarate use be counter¬ 
acted by the addition of suitable modifiers. TixiTs ])ossess the 
jirojxTty of jiersistence of odor arising from the exceptionally infini¬ 
tesimal size of the jiarticles sejiarated in evaporation. When the 
characteristic, jierfume is sweet, an aromatic fixer may be used, 
as cloves, patchouli, vetivert, sandal wood, almond, vanilla, ver¬ 
bena, or ylang-ylang; where it is aromatic, tincture of storax, 
musk, civet, ambergris, or musk-seed may be used, the jirojiortions 
varying with the ])reponderance of the typical scent desired. 

Synthetic chemistry has sujiplied the jicrfumer with a large 
and increasing number of artificial odors which, while not always 
du])licating the natural source in intensity and delicacy, ])ossess 
the advantage of greater uniformity of comjiosition and lower cost. 
In addition to those already mentioned are benzyl cinnamate with 
the odor of balsam of Peru; bornyl acetate with the odor of fir-trees; 
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cinnamyl alcoliol with ihc odor of hyacinths; salicylic aldehyde 
with the odor of meadow-sweet; geraniol (rhodinol) (limonol) 
with the odor of rose; geranyl acetate with the odor of lavender; 
and many other artificial comjKiunds and secret mixtures with 
aromas duplicating many natural odors, j)articularly those of flowers, 
fruits, and plants. 

Soap Perfumery.— Soaj) is perfumed either to mask an offen¬ 
sive odor associated with the use of inferior slock, as may be the 
case with low grade laundry soa]), or to harmonize agreeably with 
the natural odor, develo])ed more strongly in use, of similar soap 
of ;ai])erior quality. With soaj) made from belter slock, as that 
used for soa]) intended for toilet ]uirposes, i)erfume is added chiefly 
to increase the attractiveness of the ]>roduct and to enhance the 
pleasure associated Avith its use. With so called medicated soaj), 
j)(>ssessing an odor characteristic of the medicament used, suffi¬ 
cient of the medicament is added to imparl the odor, but impossibly 
in such (|uanlities as to effect exclusively llu* curative results com¬ 
monly claimed for such detergents. Soaj) of this character was 
discussed under Medicated Soajis. 

The ])rice of the soaj) in general determines the (juality of the 
]H‘rfumc used, but then' are exceptions, notably in the toilet trade, 
where comjietition has to a degree been transferred from the de¬ 
tergent to the ])erfume and the ])ackage. And the rule that the 
best results in the use of ])erfume can be obtained only with the best 
stock has been modified by the ingenuity of the jierfumer and the 
variety of brilliant dyes that have become available in recent years. 

Perfuming Milled Soap. — I'he addition of jierfume at normal tem- 
jierature allows the use of a variety of material otherwise impracticable 
without lo.ss by decomposition or eva])oration, such as would occur with 
cold-process or boiled soaj)s, were it desired to add such material 
to them. The ]>erfume mixture may be eitlier com])ounded by 
the consumer from the stock of material kejjt on hand or it may 
be ])urchased from the dealer ready for use. Comjjounded per¬ 
fumes, as a rule, bear names indicative of the odor, but are fre¬ 
quently used by the manufacturer without any reference to the 
name applied to the soaj), or to the color, if any is used. If any 
consistency in this res])ect is observed, the perfume and color of 
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the soji]) should sujifgcst ihc natural odor and color of the flower 
whose ])erfume is imitated, likewise the name ajjplied to the soap. 
The j)roportion of the mixture for milled soaj) varies from 
8 to 32 ounces to 100 ])Ounds of soaj), according to the intensity 
of odor desired. It may be applied to the soaj) aft(“r having ])een 
reduced to laminje by the ])reliniinarv milling, either in the box and 
well worked through by hand ])revious to addjng the soap again 
to the mill or direc.ly to the soaj) in the mill. With ex|)ensive 
perfumes it is advisable to reduce chances of loss by first incorpo¬ 
rating it with some vehicle as ])ure vaseline or a portion of the lami¬ 
nated soap in a moriiir and then adding the whole to the mass 
in the mill. The following i)erfume mixtures for milled soaj) arc 
))ractical and reliable. 

Oranc.k m.ossoM Mixti rk. 


Neroli, artificial. 

■7 1 

11)S. 

Cumarin. 

. r 

lb. 

Vanillin. 

1 


Uvacinth. 

1 

i i 

Oil linaloe, rectified. 

. 1 

lbs. 

“ orange, sweet. 

. 1 

11). 

Musk, artificial. 

1 

. -1 

i i 


JO 

lbs. 

Lilac ]\Itxtitrk. 



Heliotroj)in. 

. t 

ozs. 

Oil cananga, Java. 


i L 

“ vlaitg-vlang. 

. 1 

0 /. 

Cumarin. 

. s 


Oil geranium^ reunion. 

. 5 

1 1 

citronella, java. 

. 1 

( /.. 

‘‘ santal. Last Indian. 

. 6 


“ cedar-wood, Florida, extra. 

.. s 

b i 

Musk, artiliciiil. 

*1 

OZ. 

T erpineol. 


ozs. 
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Almond-soap Mixture. 


Oil of iilmonds, Ijiltt-r, artificial, free from 

chlorine. 

geranium, reunion. 

“ cilronella, Java. 

Cumarin. 

Heliotro])in.*.. 

Vanillin. 

Solution musk, artificial, i: loo. 


64 lbs, 

12 

( c 

4 

< i 

4 

i c 

4 

i c 

2 

i i 

10 

i 1 


loo lbs. 


OERMAN-C OLOONK hiIXTURE. 


Oil Neroli. 

“ jjetitgrains, J^iraguay. 

“ geranium, reunion. 

“ cilronella, java. 

“ sandalwood, Ka^t Indian. . 
“ cedar wood, J'Morida, extra 

“ lavender, 1. 

“ bergamot. 

Solution cumarin, j :io. 

“ musk, artificial, 1:100. 


15 lbs. 


10 


1 lb. 
6 lbs. 


4 


i i 


5 

30 

20 


i 4 , 

i i 

( c 




(i 


100 lbs. 


WiNDSOR-SOAP hllXTURE (LIOHT). 


Oil lavendiT Jlowers, 1 . 

“ caraway, Dutch. 

“ cassia. 

“ rosemary, d'riestt*. 

“ thyme, white, French. 

“ s])earmint. 

cedar-wood, Florida, extra 


38 lbs. 
18 “ 


18 “ 


14 

3 

n 

6 


c c 
i c 
c c 

i ( 


loo lbs. 
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Extra-fink White Transparent-soap Mixture. 

Oil lavender, 1 .46 lbs. 

“ geranium, renuion. 172“ 

“ citronella, Java. 5 “ 

Cumarin. lo “ 

Alcohol (cologne spirits). 21 “ 

joo lbs. 

WiNDSOR-soAP Mixture (brown). 

Oil lavender, 1 . 32 lbs. 

“ geranium, reunion. 5 “ 

“ citronella, Java. 2 “ 

“ cloves. 20 “ 

Cumarin. i ^ “ 

Oil cassia, filtered. 24 “ 

“ caraway, German. 8 “ 

Tincture gum styrax (2 llis, ;i gallon). 3.^ “ 

Solution musk, artibcial, 1:100. 4 “ 

3 00 lbs. 

Violet soap ATixtitre. 

Oil bergamot. if) ozs. 

“ lavender, 1. i6 “ 

“ cedar-wood, Florida, extra. 20 “ 

“ lilac flowers. 4 “ 

“ geranium, reunion. 4 “ 

“ orris root. 1 oz. 

Ylang-ylang. 2 ozs. 

Neroli. i oz. 

lonone. i “ 

Cumarin. . .:. 2 ozs. 

Vanillin. 4 oz. 

Musk, artificial. -4 “ 

Oleoresin orris-root. 8 ozs. 

Gum styrax, licjuid, strained. 16 “ 

Balsam Peru. 8 “ 


4 “ 

1 oz. 


T OZ. 

T “ 

2 ozs. 

4 OZ. 
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100 ozs, 
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'ClIKAP ViOLKT MtXTITRE. 

Safroi. 6 ozs. 


cassia. lo 


orris nmt. 


]6 

i 6 

24 

i C 

10 

i C 

12 

{ i 

2 

i i 

1 

•> 

OZ. 

1 

/ a 

OZS. 

8 

< 1 

14 

< i 


lOO ozs. 

Perfuming Floating Soap.— A mon‘ delicate and lasting ])er- 
fumc is desired for floating soa|) than for laundry soajj. Oil of 
lavender alone to the extent of 1.5-2.5 ])ounds jier frame is very 
satisfactory. I’he following mixtures for white floating soap are 
employed in actual jiractiee and ]>roduee good results. 

Xo. I. 

Oil la wilder. 8 11 )S. 

“ while thyme. 2 “ 

“ rosemary. 4 “ 

“ eitronella. 3 “ 

No. 2. 

Oil rosemary, Trieste. O, ozs. 

“ lavender, 1. 8 “ 

“ thyrni*, while, French. t, o/. 

Safrol. 5 ozs. 

Oil eitronella, Java. r oz. 

j6 OZS. 

No. 3. 

Oil thyme. 4.5 l])s. 

“ lavender flowers. q “ 

“ “ as])ic. 0 “ 

** eucalyptus. 3 “ 

eitronella. q “ 


rosemarv. 


caraway. 





























ESSENTIAL Oils AND SOAP PERFUMERY. 


409 


The mixture in regulated amount is*ackled to the soap in the 
crutcher just j)rcvious to discharging and is well worked through 
before framing. 

Perfuming Laundry Soap.—With low-grade laundry soap, 
highly rosined or made from nigres, unbleached palm-oil to the 
extent of 15 pounds to the frame is a very efiicient corrective of 
odor. Tt imparts permanency to the color of such soa]) and^ leaves 
no impression of cheapness j)roduce(l l)y the use of a cheaj) and 
harsh essential f)il or substitute. 'J'he following essential oils *are 
commonly used as laundry-soa]) perfumes: 


c)il lavender dowers 
“ “ • spike 

“ cassia 
‘ ‘ cedar-wood • 

“ sassafras, artificial (safrol) 
“ camphor 


Oil citronella 
“ eucalyjitus 
“ rosemary flowers 
‘ ‘ thvme 
“ caraway 
“ wintergreen 
“ mirbane (nilrobenzol) 


The proportion used is rarely in excess of 2.5 ])ounds per frame 
of soa]), but may be increased as greater intensity is desired. A 
single essential oil may satisfy all reejuirements as oil of citronella 
or safrol. A good perfume for chca]) laundry soaj) is found in 
a mixture of e(|ual parts of carvene and citronella and C(“dar-wood 
oils. For a better grade the following formula jiroduces good results: 

Safrol. 32 lbs. 

Cedar wood. io“ 

Cassia. t; “ 

. ^' 

Lavender flowers. 2 “ 


The comjiounding of a ])erfume for soap of this character is a 
simple matter and consists in the jirejiaration of a number of experi¬ 
mental mixtures using a fragrant and strong-boilied oil as safrol 
(art. oil sassafras) as a base, modifying it by the addition in var}’’- 
ing projiortions of any of the other oils mentioned. These experi¬ 
mental mixtures may be crutched in successive frames and the per¬ 
manence and power of the perfume to harmonize with the natural 
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odor of ihc soap obscrSrd'on dr}nng and in use. It is desired to 
produce the 'maximum harmony and permanence of odor at the 
least cost per unit of soap; this can be determined only experiment¬ 
ally by the method su^f^i'sted. 

Use of Colors.—Colorinf^-matter may be added to soap to conceal 
the inferiority of the stock, as in the use of unbleached palm-oil in 
cheap laundry soap, or to produce the impression that the soap has 
been made entirely'or in ))art of the stock whose color jHTsisls in 
the linished soap, as in many so called jjalm-oil and olive-oil foots 
soaps in which the oil has been used fort his ])ur])ose; to retard 
deterioration in apj)earance, as in the use of chloro])hyll compounds 
to counteract thi* aj)j)earance of yellow blotches in soap containing 
cottonseed-oil; to heighten the natural color, as in the use of small 
ejuantities of ultramarine blue in white lloating soaj); to im})art 
certain ])hysical })roj)erties, as in the addition of ultramarine blue 
(bluing), to laundry soaj) (this may also serve to conceal an in¬ 
feriority of slock); to im})art so claimed hygienic ]m)]K'rties, as in 
the use of ])ine tar, carbolic acid, etc.; as a sim])le dye, as in the 
soap comj)Ound for dyeing fabrics, or in harness soap; to impart 
a certain physical appearance, as in the use of coj)peras (FeS()4) 
or ultramarine in the manufacture of mottled soap; or primarily to 
impart beauty, as in milled soap, or to conceal inferiority of raw 
material, as in cheaper detergents of the same class. 

Organic Colors.—As sim])le dyes, mineral colors as well as 
those of vegetable origin, have been ])raclically displaced by the 
more brilliant and cheaper water- and alcohol-soluble and alkali- 
proof dyes furnished by the substitution ])roducts and homologucs 
of benzene, naphthalene, and anthracene, obtained by the fractional 
distillation of coal-tar. Coal-tar dyes are classified into a number 
of groups, according to their origin and jiroperties. Each grouj) 
produces a variety of colors known to the consumer by fanciful or 
descriptive trade names. Every desired shade of red, pink, orange 
or yellow, green, brown, blue, or lilac may be })rocured from dealers, 
it being necessary only to decide upon the color, and the same can be 
procured with full and most improved directions for use. 

Safron, annalto, turmeric, cochineal insect (carmine), etc., have 
been largely dislpaced by the coal-tar dyes. Chlorophyll compound 
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has come into use for imparling a green color lo soap and to some 
extent to edible oils in imitation of olive-oil. Chlorophyll itself 


is a body of very complex and unstable constitution, but under the 
action of acids and alkalis it yields bodies, of remarkable stability. 
Phyllocyanin, obtained from chlorophyll by treatment with strong 
acids, yields with metallic oxides bright-green com]K)unds of great 
stability. Chlorophyll compound occurs in iradp as a dark»green 


viscous or syrupy mass. , 

Inorganic Colors.—^'Fhe ])rime requisites of a soap color are 
solubility in water, inertness towards alkali and permanency under the 
conditions obtaining in the use of the product. Inorganic or mineral 
coloring-mattefs, therefore, find very limited a])plication in the soap 
industry, their .sole use being as a mottling agent. The chief colors 
used for this jiurpo.se are cojqieras (Fe2S()4), iron oxides known 
variously as brown and red ochre, Venetian red, burnt sienna, indian 
red, etc., and the dilTerent ultramarine colors. 

Ultramarine is a double silicate of sodium and aluminum, together 
with sodium suljihide, characterized in a fine state of division by 
brilliancy of color and high (overing jiower. Concentrated or even 
dilute mineral acids decompo.se all kinds of ultramarine with evolu¬ 
tion of part of the .sulphur as suljihuretted hydrogen and jirecipila- 
tion of the remainder. Stronger organic acids have the .same effect. 
Alkaline solutions, hot or cold, do not alter green or blue ultra- 
marine, but violet liecomes blue. 'J'here is sulphate ultramarine 
and soda ultramarine, according to whether in its production sodium 
sulphate or soda is used. Th(' raw materials from which ultramarine 
is prepared are either clay (kaolin), .sodium sulphate and carbon, or 
clay, .soda, sul])hur, and carbon; in the latter jirocessa small quantity 
of pure sand is added to the ingredients. The ver}' finely ground and 
intimately mi.xed sulxstances are subjected in fire-proof clay pots 
to a strong red heat, whereby, in case sodium sulphate is used, 
the so-called ultramarine green is jiroduced, which is much prized 
and employed by jiainlers as a jiigment, proof lo lime and light. 
This mass is now roasted at a low temperature, with addition of a 
little sulphur, under the action of air, and thus the blue ultrama¬ 
rine is obtained._ The process of this transformation is very simple, 
but it is .rendered superfluous and a blue product is obtained 
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outright by using soda instead of sodium sulphate. The soda ultra- 
marine is darker than the sulphate ultramarine. A number of 
shades occur in commerce, which with pale varieties arc obtained 
by the addition of kaolin. 

Application of Colors.—^Thc color may be applied, preferably 
dissolved in water, for crutched soaj) or in alcoholic solution mixed 
with the ])erfumc ’for milled soaj). In the latter case, if a})plied in 
thfc dry state, it may be simply dusted upon the soap as it is being 
worked in the mill. As many colors admit of solution in essential 
oils, it may be advisable to prepare a consideral)le (juanlity of the 
perfume in advance in this manner. Preliminary solution is made 
with a small quantity of the oil, which is afterwards mixed in regu¬ 
lated amount with a larger volume. The intensity of the color 
depends ujjon the amount used, j ounce per loo pounds of soap 
being generally suOicient. Aniline colors attain their highest bril¬ 
liancy with soap of the smoothest texture, })articularly where cocoa- 
nut-oil is a stock ingredient. With aniline colors ])articularly 
sensitive to alkali the best results can be secured only with neut.al 
soap; this limitation, however, has been largely removed, the only 
disadvantage being deterioration on long exposure to sunlight. 

In the following table is given a list of colors and the commonly 
used material employed for producing them in soap. 


Colur. 

Mai eria.]. 

Red. 

Coal-tar d)'es, as fuchsinc, rhodamine, and cosine; combina¬ 
tions of violet and orange. 

t'oal-tar dye-s; combination of red and yellow ft>r orange, and 
orange and green for yellow. 

C'oal-lar dyes; ultramarine green; chlorophyll coinjaiund; 
coml)inalions of lilue and yellow. 

Coal-tar dyes; comlnnations of blue and y(‘llow; caramel. 

(\)al-tar dyes; ultramarine blue; combination of violet and 
green for tilue. 

Coal-tar dyes; combinations of red and blue. 

Orange and yellow. .. . 

Green. 

Ilrown. 

Blue and lilac. 

Violet. 



In all cases in using colors they should be completely dissolved, 
otherwise the soap will become spotted. To av'oid this it is ad¬ 
visable to strain the solution, usually i jjart of color to 50 parts of 
water, through cloth and the clear filtrate used. 
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With settled soap, to which the coloring-matter is added invari¬ 
ably in the crutcher, whether the soap on the addition of the solu¬ 
tion of coloring-matter is hotter or less hot in one case than in an¬ 
other is of no conscftuence. Tt is, however, *sclf-evidcnt that in order 
to obtain a uniform coloration of the soap the coloring-matter must 
be evenly and thoroughly distributed, and no pains should be spared 
to accomplish this. , 

With soaps made by the cold process the solution of the coloring- 
matter is first added to the oil and thoroughly mixed with it. To 
the oil thus colored the alkali is then • slowly added with active 
stirring and the stirring continued until the soap which drops from 
the stirring-apparatus accumulates on the surface. It is only 
when this takes ])lace that the jierfuming of the soaj) should be 
effected. 

’ With milled soaps, which are mostly jiroduced in delicate shades 
of color, the most scrujiulous cleanliness should be observed. Be¬ 
fore the beginning of the milling jirocess the machinery should be 
most carefully cleaned. In the actual milling j)rocess the soap is 
allow’ed to pass once in a dry state through the rollers. It is after¬ 
ward somewhat moistened, the respective .solution of coloring-matter 
poured uj)on it, and thoroughly worked with the hands. The 
colored soaj) is now repeatedly ])assed through the rollers until the 
coloring-matter is thoroughly mixed with the .soap, and so com- 
])letely distributed that the original color of the jdain soaj) can no 
longer be seen. It is only when this has been accomplished that 
the soaj) .should be i)erfumed. 

With lrans])arent soa])S the solution of coloring-matter is added 
when the .soaj) is fini.shc'd and has cooled to about 55° to 60° C. 
(131° to 140° Fahr.). A good distribution of the color by a suffi¬ 
cient mani])ulation of- the soaj) is an essential condition for obtain¬ 
ing a handsome jjroduct. 

In the j)rcj)aration of transj)arent soaps which contain sugar care 
must be taken to avoid all unneces.sary heat, as otherwise, on account 
of the burning of the sugar, the .soajj itself will easily acquire a dark 
color, and the coloring-matter, which is .subsequently added, will 
then not have its full effect. The perfume is added directly after 
the coloring has been effected. 
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Filling material, especially silicate of soda, affects colors in 
a most unfavorable manner, producing not only discoloration, 
but effects entirely different from those desired. It is rarely 
possible to impart to (a filled soap a handsome, fiery shade of 
color. 
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Milled Soap. Historical. Prc])aration of Soap for Milling]:. Mixing 
Ingredients. Mills. Operation of Mill. Plodders. Operation 
of Plodder. Pressing. Continuous Method. 


Milled Soap— As preA'ioiisly stated, milled soap is grained, 
settled soaj) from good stock which has undergone a partial dehy¬ 
dration, thorough kneading, and compression into an elongated 


bar which is cut Into cakes of .suitable size and ])rc.s.scd. Soap 
made in this manner possesses distinctive qualities of durability, 


mildness, and beauty which make it for toilet purj)oses .superior to 
ordinary settled soap. The character of the ingredients and method 


of manufacture of the soajj-base for milled soa}) have already been 
described. To be a milled soap of be.st quality it must be made 


from the best materials saponified and perfectly neutral, without 
addition of inert matter of any description, homogeneous, lather¬ 


ing freely in hot or cold water, but must not waste rapidly in hot 
water, must not discolor to any extent on aging, nor contain matter 


other than perfume that will injuriously affect the skin. The require¬ 
ments of the U. S. Navy Department for a milled toilet-soap are 


as follows: 


To be milled, neutral, soda soap, made from clean, wholesome 
fat and as free as po.ssible from water, rosin, and mineral, starchy, 
or foreign material. Analysis must show not more than three- 
tenths of I per cent of mineral matter, three-tenths of i per cent of 
carbonated alkali, calculated as carbonate of .soda (Na^jCOs), one- 
half of I per cent uncombined alkali, calculated as caustic soda 
(NaOH), I per cent common salt, or 14 per cent of water. A 
cylinder of soap .seven-eighths of an inch in diameter and i inch 
high cut from a cake must sustain a weight of 15 jwunds for five 
minutes without crushing or compressing more than one-sixteenth 
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of an inch. Soap will be rejected if made so largely of cocoanut- 
oil, palm-oil, or other fat of characteristic smell that the peculiar 
odor remains on the hands after using. To be perfumed with the 
characteristic odor of lavender; perfume to add not more than 5 
cents i)er pound to the cost of the soap. 

Cakes to be oval, to weigh about 4 ounces; color, light brown. 
Each cake to be w,rapi)ed in soft pai)er; to be packed in neat paper 
boyes, three cakes to a box. 

The soaj) will be bought by the i)ound. 

For insj)ection, one calie taken at random will ]^e examined, 
and the lot will l)e acce])ted or rejected on this sample cake. 

The weight of the soap to be paid for will be determined by 
the amount of combined alkali or its equivalent in the lot; this 
to be .found by multijdying the weiglit in grains of combined alkali 
in the .samj)lc cak(‘ by the number of cakes, then dividing this protl- 
uct by 630, the number of grains of combined alkali assumed as a 
standard pound of soap. 

Historical.—The original manufacturers of milled soap were the 
French, whose product early attained a ])opularily which i)ersists 
to-day, notwithstanding the fact that soaj) of ecjual quality is j)roduced 
elsewhere. The ])restige of the hrench in this resj:)ect was greatly 
aided by their skill as ])erfumers; but equal jwoficiency in this 
direction, as well as in the manufacture of milled soap machinery, 
have dis])laced them from the ])reeminence which they so long 
occupied. The early manufacture of milled soap was naturally 
very primitive, the dried sliavings being reduced and mixed with 
perfume by means of a mortar and ]K‘Stle and the agglomerated mass 
moulded into bars by the ])ressure of the hands. Subsequent 
mechanical devices have not de})arted from this simj)lc procedure. 

Milled soaj) was first made in the United States in Philadelphia 
in 1844 by Jules Haul, a Frenchman, who in that day kept a shop 
for the sale of imported soaps and j)erfumes. He began making 
toilet-soaps in a small way in the rear part of his store with a double 
iron roll sugar-mill and an old screw-press, both worked by hand. 
The dried chipped soap was j^assed between the rolls a number of 
times until homogeneous. It was then .shaped by hand with a 
wooden paddle to as near the dimensions of the die as possible, 
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after which the bars were laid away on ratks for two or three weeks 
until well dried. They were then pressed by means of the screw- 
press into a plain die without lettering, after which they were again 
dried for two or three weeks, and were finally pressed in a die 
with lettering. It required a period of fc)ur or five weeks before 
the soap was ready for sale. 

This method of manufacture continued until 1847, which 
time A. W. Harrison, of Philadelphia, imported*from France a set 
of toilet-soa]) machinery which consisted of a two-roll granite fnill 
and a p]()dder. The 7)lodder consisted of a horizontal cylinder about 
8 inches diameter and 24 inches long. The soaj) was ])laccd in the 
cylinder and- c()mj)ressed with a screw, after which the soap was 
allowed to remain, with the f)ressure aj)plied, for several hours. 
This machine, being of light construction, did not admit of the 
ai)i)lication of heavy ])ressure, with the result that the soaj) was not 
very compact. This j)lodder i)roduced about too to 150 j)ounds 
per day, which was not only quite an increase over the quantity made 
by hand, but the soap had a much finer a])])earancc. 

Jules Haul, having become aware of this formidable source of 
competition, contracted with Sigmund Rutschman, a machinist, 
who had installed and repaired the Harrisf)n plant, for a dujdicate 
set, which was duly set uj) with imj)rovements upon the French 
yjattern in the autumn of 1847. Messrs. R. & G. A. Wright, 
of Philadelphia, had a duplicate set of toilet machinery made and 
began the manufacture of milled toilet .soa])s in the following year. 

In 1854 M. X. Bozine, of Philadelphia, increased the e(iuip- 
ment of milled soap machinery, previously su])j)lied by Rutschman, 
by a three roll mill and a vertical plodder imported from France. 
The plodder was of heavier construction and greater capacity than 
any hitherto used, permitting greater compression, resulting in a 
more comjiact and handsomer product. In 1870-1873 milled-soap 
plants were installed in New York City. In 1877 1878 a hydraulic 
pkxlder of a cajiacity of 200-250 })ounds of soaj) per charge and 
with |)ressiire of 4000 5000 per square inch was introduced into a 
number of large manufactories. 

A type of vertical hydraulic })loddcr, now of only historical in¬ 
terest, is shown in Fig. 148. The hydraulic plodder, while pro- 



4i8 


AMERICAN'SOAPS, CANDLES, AND GLYCERIN 


viding all that could be (iesired in compressive force, was intermit¬ 
tent in action, made necessary by recharging, whereby the output 
of soap with such a machine could not be adapted to increasing 
demands made u])on it. ^ A continuous jdodder was devised which 
consisted of an Archimedian screw enclosed by a cylindrical case, 
the })rinci])le of its construction being shown in Fig. 149. 

The o])eration of this ty})e of })lodder, being continuous, pro¬ 
vided a much larger out]Jut than was possible by the use of the 



Flu. 148.-—Vcrlicjl Hydraulic Fio. J4c).—Section of a Sin^lc-sc rew I’loddcr, 
I’loddcr (iSSj). showing Principle of Construction. 


intermittent hydraulic jilodder, but retjuired, however, that the 
soap be in a softer st.ite, as compression depended entirely upon 
friction of the soap again.st the cylinder in which the .screw was en¬ 
cased. It was found that increased comjiression could be obtained 
by the use of a device consisting e.s.sentially of two spiral convergers 
arranged jiarallel within a casing on opposite sides thereof constructed 
of two bodies securely bolted together. By this arrangement of 
twin screws, it was claimed, a degree of compression almost twice 
that of a single-screw plodder could be obtained. The principle of 
construction of a double-screw plodder is shown in plan, elevation, 
and section in Fig. 150. 

Preparation of Soap for Milling.—The boiling of the soap-base 
for milling has been already described and requires no further com- 
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mcnt at this place. After cooling in the framCs, the soap is stripped, 
slabbed, and cut into long narrow bars. For this purpose the first 
cutting-head of the cutling-table is removed whereby the width of the 
frame is made equivalent to the length of the bar. Previous to slab¬ 
bing, the sides of the frame are scra]>ed to remove any discoloration 
arising from contact of the soa]) witli the iron frame-sides. The 
bars are racked and allowed to dry. Soap made from stock sjuitable 
for milled soap dries ra])idly and is soon ready to be reduced to chips. 
For this purpose the ordinary chi])per, as described in the manu¬ 
facture of chi])j)ed soap for laundry use, is em])loyed. Freshly cut 
soap contains u})wards of 30 per cent of water, which is reduced 
from 3 to 5 ■j)er cent in ])assing through the drying-room. In the 



Fig. 150.—Doiil)Ii--srrow Plodder, .showing Prindplc of Construrlion. 


drying of milled-.soaj) ba.se the amount of water is reduced almost 
one-half, viz., to 15 to 18 jier cent. This proportion varies accord¬ 
ing to the stock used and the (]uality of soap desired, being deter¬ 
mined to a large degree by the wa}- in which the soaj) bi'haves under 
the subse(|uent mechanical treatment in the mill and jilodder. Ini¬ 
tial dr}dng is to jirepare the soaj) for chiiijiing, after which with the 
large extent of drying surface projier conditions for milling are 
readily olitained. 

■■J'he method of liandling chipped soap during drying varies, 
a common procedure being to discliarge the soap from the chipper 
directly into shallow trays with bottoms of galvanized-iron wire 
netting. These as filled may be stacked on trucks and con- 
'veyed to the' diynng-room, or stacked in piles and allowed to 
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dry spontaneously. The' proper degree of dryness is determined 
by experienee and, with soap made from any given slock or intended 
for finished soa]) of a given ciualily, clepcnds upon whether the soap 
is finished jmre or with the addition of inert mailer, usually talc, 
wliich ])ossesses moisture-aijsorbent jirojierties. With soap made 
from cocoanut-oil and tallow and milled pure, less drying is required 
than with soap mad(‘ from softer slock such as may contain more 
or less cottonseed oil or rosin; likewise less drying is reipiired when 
soap made from the former stock admixture is to be milled with talc. 
Excessive dr\Mng may be readily corrected by the addition of water 
during the milling ])rocess, or jireferably before milling'in a machine 
made for the purjio^e of amalgamating jierfume with the dried chips. 
Excessively dried soa]) is of short texture, more or less brittle during 
milling, and during j)lodding, if not softcaied thereby, teiuls to crack 
as it 'is discharged. Insullicienlly dried soa]) to be finished ])urc 
under no circumstances should be milled, as satisfactory results at 
no stage can be obtained. It adheres-undulv to the rolls of the 


mill, re(]uiring ])rolonge(l milling to insure ]H‘rfecl homogeneity 
and then will be mon* or less slreak\' and smearv. Rv the addition 
of talc, or starch, which is common with cheajier grades of milled 
soa]), or by tin- addition of drier soa]), the excess of moisture is taken 
u]) and better results secured. 


Mixing Ingredients.—With the soa]) in ])ro])er condition to 
mill it may be mixed with ])erfume and coloring-matter, f)r talc if the 
latter is used, in a zinc lined box by hand, and the whole then trans¬ 
ferred to the ho])])er of the mill. ;\n im])ro^’efl device for mixing 
ingredients with the dried soa]) consi.sts of a mechanical amalga¬ 
mator, shown in Fig. 151, which breaks up and amalgamates the 
chij)s, })crfume, and coloring matter ])rior to milling. Ry thorough 
mixing of the ingredients before milling, the milling period is .short¬ 
ened, one or two millings sufficing to secure })erfect homogeneity. 
The mechanical amalgamator eliminates the hand labor re([uired 
for mixing and secures the most thorough mixing in a short time. 
It is built to rcA’erse automatically as show'n or to run in one 


direction only. The body of the machine ti])s over to permit empty¬ 
ing into the regular milling-boxes. 

Mills.—The toilet-soap mill consists essentially of a substantial 



Amalgamator. 42 r 
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iron frame with bcaVings in which arc mounted shafts carrying 
polished arid non-absorbent cylindrical granite-crushing rolls ar- 



Mill with rulliTs in nnv plane. Low-pitch Mill. HiRh-pitch Mill. 

152.—Diagram .slaiwing Variation in the Pitrh of Toilct-coap Mills. 


ranged horizontally or with a pitch, or in a combination of 

& these positions. Variations of pitch 

arc shown in Fig. 152, by pitch 
being understood the dilTerencc in 
height between the tops of the ex¬ 
treme rolls. The rolls are made of 
close-grained Quincy granite securely 
mounted upon heavy steel shafts and 
adjusted by a worm and gear, whereby 
a j)arallel motion and even-wearing 
surface of the rolls are provided. 
As a rule the rolls vary in number 
from 3 to 5, although in the great .size 
mill shown in Fig. i 5.:|, eight rolls arc 
used. They vary in diameter from 

Fig. i53.-ATwo-stoncMill. 12 to 18 inches and in length from 2 

to 3 feet. The method of applying 
power and the construction of the driving-gear, whereby adjacent 
rolls have difTerent rates of speed, will be evident from a .study of 
the illustrations. A hopper is mounted over the feed-rolls, to which 
power is ajijilied first and indirectly by means of suitable gears to 
adjacent rolls. A two-stone mill is shown in Fig. 153. 

Operation of Mill.—The purpo.se of milling is to reduce the 
dried chips with perfume and coloring-matter, or talc if used, to a 
perfectly homogeneous mass. The chips may be jiasscd through 
the mill once and then mixed with perfume and coloring-matter, or 


Fig. 153.—A Two-stonc Mill. 
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they may be mixed before milling by use of* the amalgamator, the 
same machine being used whatever procedure is employed. Re¬ 
duction of the soap alone to a fine state of division by a prelim- 
inaiy^ milling admits of a more thorough incorjioration of the 
perfume and color on subseijuent ])assages through the mill. 
The soap is removed from the last roll in thin ribbons by means 
of serrated knife-edges adjusted against the roll. Durii^g the 



Fio. 154.—Eight-roll Toilet-soap Mill. 


preliminary milling the rolls are adjusted to the coarseness of the 
material, and as this is reduced on subse(]uent treatments, closer 
adjustment of the rolls is made. The number of millings usually 
given the soap depends upon its quality, ease of incorporating the 
ingredients, and number of the rolls; for chea})er grades 3 to 4 mill¬ 
ings suffice, while for the finest grade 7 to 8 millings are common. 
The capacity of the mill is, therefore, variable. A three-roll 
mill with rolls i8"X24" has a capacity of about 200 pounds 
per hour, while the-eight-roll mill. Fig. 154, has a claimed capacity 
of 3.5 tons daily and requires but one passage of the material. It 
consists essentially of a series of rolls arranged on an inclined plane, 
and formed of successive couples or pairs of rolls arranged one in 
front of the other, and with scrapers for the rolls, said scrapers 
being adapted and arranged, to automatically transfer from one 
couple of rolls to the next lower couple the mixture of shavings 
which are intermingled as they are disengaged. They are dis- 
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charged from the mill' at the lowest pair of rolls and fall upon an 
endless belt Vhich conveys them to the plodder, or they may drop 
into cars in which they are conveyed to the ])lodder and from which 
they are transferred to the hopper of the plodder. 



\r 

\r 


IH 


With reference to the mills of the type shown in Figs. 155 and 156, 
the following practical directions for their adjustment and opera¬ 
tion are a])])licable: 

The mill is shi])])ed with the driving-shaft, pulley, and ho})per 


Thrcc-roll Mill. i 2 "X 24 ". 









Fig. 156.—Four-roll Mill. 
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removed to admit of easier handling of tfic ifiachinc. As the mill 
has been set up and tested at the place of construction it Is not advis¬ 



able to remove the rolls in setting up the mill at the place of use. 
If found necessary to remove the rolls it should be done by a good 
























































































































426 


AMERICAN 'soaps, CANDLES, AND GLYCERIN. 


mechanic and the adjustment must be made again by exj)eriment. 
I'he adj'ustrhent of the mill is simjdifjcd by observing the figures from 
I to 5 cut on the small worm-wheels controlling the jircssure. In 
testing the mill the wopi-wheels have been set with the figure 2 
nearest the centre of the worms and in disturbing the adj'ustment 
the o])erator can always tell that he is nearly right when his adjust¬ 
ment, is nearest the figure mentioned. If the number of turns 
of the hand-wheel are counted when the pressure is relieved, the 
same number of turns given to the hand-wheel when brought 
back will secure the exact .adjustment each time. 

I'he output of any mill depends to a great degree on the way the 
rolls are set, and this adjustment will vary somewhat with each 
grade of soap milled. The best results can be obtained only by 
ex])erience, which with the method of adjustment as described is 
.soon ac(juired. Sh()uld the rolls wear unevenly in the course of 
time, the set-screw on tin* res])eclive worm-gc'ar may be loosened 
on that side of the mill in which the least wear is show'n and the 
worm allowed to revolve until the ])rcssure is e(|uali/.ed. The set¬ 
screw on the loose gear is then adjusted so lhai noth will operate 
uniformly and secure an equal adjustment throughout the length 
of the roll in question. To secure the bi'st results the soap must 
be milled a number of times—as a rule from four to six times. 
This, however, is determined by the grade of soaj) and the results 
desired. IMie speed of the j)ulleys should be at least 120 revolutions 
j)er minute, although with soaj) of inferior quality this s])eed may 
be increased. Practical work with mills of the type' in question has 
demonstrated that a sjieed ])roducing more than j 500 inches of sur¬ 
face speed j>cr minute to the toj) roll is detrimental to a good quality 
of soap. This aj)plies to large or small rolls, and w'hile it will not 
harm the mill to use a faster speed, the power required seems to 
increase out of all ])roportions to the results obtained and a higher 
speed is not, therefore, recommended. This factor, however, may 
be left entirely to the judgment of the 0})erator. 

In using one toilet-soa]) mill in connection with another on the 
tandem principle, as shown in Fig. 157, it is, as a rule, best to have 
the first mill revolve a little more slowly than the second in order 
to avoid the overcrowding of the second mill. This method is made 
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advisable from the incrc&.se in the bulk of the soap as a result of 
milling, lb will also be found necessary to study the adjustment 
of two or more mills working in landem a little more closely than 
when the mills are used alone. No definite directions can be given 
on this j)oint, as the adjustment and o])eration of the mills arc deter¬ 
mined by the character of the soaj) milled. In no case should a 
mill be allowed to run without soaj) in the hopper; the friction of 
rolls upon each other in an empty machine is detrimental to the 
efliciency of the rolls. 

Plodders.—I’he jdodder consists esstmtially of suitable gearing 
for the application of jxiwer to one or two screws enclosed in a 
case in which com])ression of the soaj) takes place and from which 
after compression into a comjiact, homogeneous mass the soap is 
discharged, in one continuous bar corresponding in cross-section 
to that of the die, through a nozzle to which is attached a die of 



Fir.. 158.—Small Plodrlpr Adapted to Shaving Sticks, etc. 

any desired cross-section. Sections of the continuous bar are re¬ 
moved as fast as ejected and cut by wire into individual cakes by 
use of the device shown in Fig. 163. 

The interior construction of single- and double-screw plodders 
is shown in Fig. 149 and Fig. 150 respectively. In the rdsum^ of 
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the growth of milled-Soap manufacture it was seen that with the 
introduction'of a plodder jjroviding high comj)ression with large 
cai)acily this branch of soap-manufacture made rapid progress. 
Plodders differ essentially only in one ])articular, viz., the use of a 
double or single screw as has been indicated. In Figs. 158 and 159 



Fig. 160.—Sclf-fccding Plodder shown in Working Order. 

are showm two jdodders of resjiectively small and large capacity, 
both of the single-screw type. The a])])Hcalion of jiower by belt 
and its transference to the screw by suitable gearing and the hopjier 
surmounting the case enclosing the screw are jdainly shown. By 
means of a trunnion fork supporting the cone which is securely 
attached to the screw-case, the cone may be quickly detached for 
cleaning the interior of the screw'-case. 

The type of plodder shown in Figs. 160 and i6t is characterized 
by a patented self-feeding roll which compresses the soap on the re- 
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volving screw, and by healing arrangements in the plodder-head 
whereby conij)ression and homogeneity of the soap art* greatly in¬ 
creased. The pipes j)rojecting to the right and left from the upper 
part of the plodder-head are for the escape of hot air from the 
chamber in the perforated disc. Heat is applied to the lower part of 



Fig. i6j.— Sulf-Iccding Plodclur shown with Head Down for Cleaning. 

the plodder-head, in which the disc is located, by means of a Bunsen 
burner. By the softening of the .soaj) thus eiTected it is jiermitted to 
pass through the jierforations of the double-walled disc without being 
broken by successive revolutions of the screw. A water-chamber is 
provided as shown at the extremity of the jilodder-head. To eject 
the soap remaining in the pkidder-head after each milling, the head 
is unloosened and lowered as shown and held securely by the hooks. 
By means of .the hand-wheel at the side a plunger thrusts out the 
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Operation of Plo(ider.—^As shown in the view of the milled- 
soap plant, iFig. 162, the soap as it comes from the mill in long 



translucent ribbons of the thinness of paper is transferred directly 
to the hoj)j)er of the plodder, from which, under the action of the 


Fig. 162. —View of a Milled-soap Plant. 
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compressive force of the screw, it is discharged in a compact, con¬ 
tinuous bar which is cut into sections and which is agafh reduced to 
cakes of the dimensions required by ])ressing. The character of 
the ])roduct obtained at this stage determiiu's the advisability of any 
procedure that has preceded. If the .‘^oaj) is too dr}' after milling, 
or contains an excessive amount of inert matter, as starch or talc, 
it tends to crack or “s])linter ” as it is discharged from the pozzle; 
such soa]) is returned to the plodder to be reworked. Cracking at 
the nozzU', due to friction of the soap against the sides, is increased 
not only by, any treatment that tends .to destroy the cohesion of 
the soa]), as the addition of tilling material, but is more ])ronounced 
with dry than with more hydrated soa]) and more with soa]) made 
from firm than with that made from soft stock. Friction is reduced 
by softening the s'oaj) as it is discharged by means of a hot-water 
jacket surrounding the nozzle (Fig. 15<)). The degree of heat should 
be carefully regulated, as the a})])earance of the soa]) is affected by 
the degree of softening. With suitable heating, if any is reijuired, 
the soa]) will emerge com])act and smooth; with excessive heating 
the discharged soa]) will be streaked after cooling. 

In the oj)eration of the ])lodder (Fig. isqj the following directions 
apply: The jacket covering the nozzle of the ])]odder must be filled with 
warm water or heated with tlie llunsen burner. This water jacket 
must be just hot enough to ])ermit of bearing the hand on it; if too 
hot the soap w'ill blister. When this occurs tht“ burner can l)e 
removed or the flame turned down until thi* soa]) comes out in 
proper condition. Heat may then b(* rea])plied gradually. The 
cylinder of the plodder is jacketed and cold water should be ])if)ed 
to the bottom of th(' cylinder and ])crmitted to overflow from the 
top into a funnel attached to a ])i])e connected with the sewer; and 
while in many ca.ses cold water may not be needed, .some .soa])s, 
where the heat generatc'd by com]jression is considerable, do re¬ 
quire it. Care .should be observed to ])ro\'ide for the drainage of 
the cylinder, otherwise in freezing weather the cylinder may be 
ruptured. 

By reason of the porcelain lining in the plodder it will be found 
that the compre.s.sion efficiency is far greater than in plodders of 
earlier construction. This is due to the fact that .soap gets its 
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compression by meanly of the* conveyor feeding the soap to the com¬ 
pression chdmber faster than the outlet at the end of this chamber 
permits ejection. Consequently the more soap that is fed to the 
compression chamber, resistance it meets with in 

being conveyed, the more the comj)ression and the less the power 
required to o])erate the ])lodder. 

B}; the smooth^inlerior surface ])rovi(led by the j)orcelain lining, 
adhesion of the soap to the cylinder-wall is reduced to a minimum, 
which is of great advantage when cleaning the machine or re¬ 
moval of the “plugs," whij^'h is oftentimes troublesoijie when the 
interior is made of iron or steel. 

As the ])orcelain lining, therefore, has a specific ])urposc besides 
giving the interior of the machine an absolute freedom from rust, 
iron dust, or other annoyances, it is to the interest of the ojierator 
to be careful in handling the machine, as [lorcelain can be chijjped 
if hit hard enough with an iron or steel tool, such as a monkey- 
wrench, hammer, or any tool whose denSty is greater than the ])or- 
celain itself. I'herefore it is advisable to use wooden shovels in 
feeding th(“ jilodder, as well as all mills, since a mill can be broken 
by having an iron shovel ])ass between the rolls. 

In changing colors, or in cleaning the jilodder fFig. 159), or in 
changing the die which controls the shape f>f the elongated, ejected 
bar, the following particulars are to be noted: 

The front ca]> containing the dit' is removed first by means of 
a special wrench. This part of the compression chamber also 
contains the device for the introduction of water and for the ajipli- 
cation of heat and is detachable from the rear part of the comjires- 
sion chamber, the two sections being separateil at the place of 
union by a removable jierforated screen. 'Bhese screens, usually 
two in number, have jierforations of jl and of an inch in diameter 
respectively. For high-grade soaj) the screen having the smaller 
perforations and for low-grade soap the screen with the larger 
perforations is recommended. It is not advisable to omit the use 
of the screen altogether; its use, however, is a matter of detail de¬ 
pending upon the character of the soaji plodded. 

After the removal of the front cap, the next part to be removed 
is the front part of the compression chamber. It is first given a 
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turn with a large wrench provided for that purpose and the water 
allowed to flow from the jacket into a receptacle, ft is then re¬ 
moved entirely. It will ])r()bably be found that the screen or j)erfor- 
ated plate adheres to it; if not it may be detached readily by means 
of a knife. After the removal of the front part of the compres- 
.sion chamber as described, the i)lodder should be run until soap 
ceases to be ejected from the rear part of the covn])ression cbamber, 
which ojjeration recjuire.s but a few minutes and serves to djL'an 
the .screw cylinder comi)letely. The rear ])art of the com])re.ssi()n 
chamber, which is attached by means - of bolts to the cylinder, is 
next removed by loo.sening the bolts and allowing it to .swing 
clear from the cylinder by means of the trunnion to which it is 
attached and which holds it in a stationary ])osition ])rei)aratory 
to cleaning. The })lodder is then .started slowly and the .soap still 
surrounding the screw \Vill be forced out in a .s])iral form and may 
be collected in a bo.x ke ])1 for that ])urj)Ose. 'I'o eject the soaj) 
the contrivanci' shown bc-neath the no/./.le of the ])lodder in I'ig. 
jis used. It is held securely against the small end of the rear 
part of the comjjression chamber and by very slight pressure ])ro- 
(luced by turning the scrc-w the ])lug of soap is forced U]) far enough 
to be removed by hand. 'I'o remove the ])lug of .soap from the front 
j)art of the com])ression chamber, this part should be i)laced in an 
uj)righl j)osition upon two blocks of wood and the ])lug-ejector 
attached as before, with this dilTerence, that a small block of wood 
should be interj)o.sed between the screw and the soaj). A few 
turns of the screw will loo.sen the soap .so that the section of the 
com])re.ssion chamber may be liftefl up and the ])lug of soa]) remains 
in an uj)right position on the table. 

If thi‘ removal of the conveyor .screw is desired, the nut holding it 
on the .shaft is removed and then a block of wood 2 inches square and 
about 30 inches long is jflaced in the hoj)per to reach the bottom of the 
cylinder, lly turning the machine backwards half a turn, this block 
of wood will loo.sen the screw sufficiently .so that it can be drawn 
out by hand, and in placing it on the floor or a table a little care 
.should be taken not to drop it, as that will have a tendency 
to injure the. i)orcelain. The screw can be pushed back into posi¬ 
tion very readily and fastened again by means of the nut. The 
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plodder is prepared for use again by replacing the sectional j)arts 
in i)osilion in the reverse order of their removal. 

It is advisable when using dilTerent colors to begin with the 
lightest first, since the jiloddcr will not reejuire washing as when 
changes from dark brown or tar are made to lighter colored soaps. 

It is always advisable where tar soaps are made to have an 
extra plodder for this work alone, as the odor from tar is difficult 
to remove from a machine, even should every discernible ])article 
be eliminated. 

Should the soajj come from the jdodder streaky, it, is jirobably 
due to the fact that the water-jacket of the front nose is too cold; 
if blistered and soft, too hot. 

The Bunsen burner can be regulated to keep the jacket at just 
the right temperature, and will not require much watching when 
once understood. 

To give the best ri'sults in plodding, the soa]) must have a long 
grain, and anything done to shorten this grain, as by the incorjiora- 
lion of filling or imjmqier manijiulation in the kettle, will cause 
trouble. 

In using the j)lodder continuously care should be observed to 
have all bearings well lubricated, d'hi- oil-well at the entl of the 
screw-shaft should be ke])t full of oil, and occasionally this oil must 
be removed and new oil substituted. 

The bearing immefliatelv behind the cylinder should be occa- 
sionally oiled with an oil-can, as this is so arranged that oil is not 
held in this bearing, lest it should find its way into the cylinder. 

Pressing. —If in suitable condition the soaj) may be |)ressed 
at once; if too warm or soft it may be necessary to allow the .soap 
to cof)l and dry. The greater compactne.ss of milled soaj> flemands 
dies of special construction, which have been i)reviously described. 
As the sha])e of the pressed cakes departs more from a sejuare cross- 
section, the greater com])ression at the ends of the cakes in pressing 
shows in the characteristic markings of the finished jiroduct. A 
cake-cutter is shown in Fig. i(')3. 

Continuous Method. —A practical combination of the succes¬ 
sive jjrocesses of framing, slabbing, cutting, drying, and chipping 
intervening, the crutchcr and the mill may be effected by use 
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of the device shown in Fig. 164. Its opei'ation consists essen¬ 
tially in the application of the fluid soap, to whicTi coloring- 
matter has been added by crutching, to a hopper surmounting a 
scries of water-cooled cylinders from whii:h the soa]) as it cools 
and solidifies is detached by knives in the form of thin .shavings. 
These fall upon a scries of endless belts of wire cloth enclosed in 
a case, suitably heated and ventilated, whereby Jlhe soap, reduced 
to a form that admits of large drying surface, as it is conveyed from 



Fio. 163.—Cakc-ruUer. 


one end of the heated chamber to the other and dropped upon 
successive underlying and moving belts, is discharged with its water 
content reduced to 12^15 per cent and in suitable condition for 
milling. Whereas at least seven days are recjuired by methods 
generally employed, by use of this device the time is reduced to 
ten to fifteen minutes. The jirescnt general use of this device is 
confined to soap intendc-d for toilet use, but the i)n)duct made by 
it is applicable for all purposes. I'his machine is exceedingly well 
adapted to the manufacture of “ chip ” soap on a large scale. The 
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product as discharged from the machine is ready for barrelling at 
once. By ‘suitable regulation of the temperature within the dry- 



Fig. 164. — Automatic Continuous Crusher and Dryer. 

ing chamber the moisture content of the soap may be obtained as 
desired. 


CHAPTER XIII. 


CANDLES. 


Historical. Haw Material of Fatty-ficid Manufacture. Saponification 
or Hydrolysis. Limc-sapoiiilication J’roccss. Use of Process. 
Construction of Disjesti'r. Oj)eration. Treatment of Sweet¬ 
water. Treatment of Fatty Acids. Crainini,^ or Seeding, ('old- 
pressing. Ho.t-])ressing. Utilization of Fatty Acids. Acid- 
sajionification I’rocess. Use of Process. Acidification. Con¬ 
struction of Still. Distillation of J'atty Acids. JToducts of 
Distillation. Utilization of I’roducts. Manufacture of Hydroxy- 
stearic Acid. Twitcliell Process. vSuljilio-aromatic Fatty Acids. 
Outline of the Twitchell Proci'ss. Ajiplication of the ITocess on 
an Ex])erimental Scale. iTeliminary Acid Foil. The Sajionifi- 
cation. h'urther Considerations. h'actorv Installations of the 
Twitchell Prticess. Summary. I'araflfin. Stearin. Stearic 
Acid. Mixtures of Stearic Acid and Paraffin. Miscellaneous 
Candle-stock. Bleaching Beeswax and “Stearine.” The Candle. 
Prejiaration of Wick. The Wick. Jujuijiment of the Candle- 
plant. Melting-kettle. Mixing Ingredients. Coloring Candles. 
Candle-moulding Machine. Construction. Setting Up and Wick- 
ing Candle-machines. Moulding. Ojieration of Machine, Candle- 
makers’ Tools. Sizes of Candle-machines. Bleaching and I’olish- 
ing Candles. Classification of Candles. Self-fitting hhids Ujiera- 
tion of Self-fitting-end Machines Dijiping. Unit of Light 
Method of Determining the Melting-point of Spermaceti 


Historical. —Until Chevrcul had begun his scientific investiga¬ 
tions in i8ii, oils and fats had been regarded as simjde organic 
.substances. On the comj)lete ])ublication of his discoveries in J823, 
the complex character of these bodies became generally known. 
Chevreul demonstrated that fats are compounds of glycerin with 
a fatty body having slight acid properties, called fatty acids, and 
that when fats are deprived of glycerin, the fatly acids could be 
rapidly and perfectly i)ressed and made excellent material for can- 
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dies. He patented prcpccss for obtaining fatty acids, the process 
consisting of two distinct stages as follows: 

1. Transformation of fat into soap by the use of lime or other 
alkali; 14 pounds of lime were used to 100 pounds of fat. 

2. Decomposition of* the soap so produced into fatty acids by 
the use of 2 pounds of sulphuric acid to each pound of lime. 

In association with Gay-Lussac (in 1825) Chevrcul attempted the 
industrial application of the scientific principles he had made known. 
H/‘ did not, however, attain the success he had doubtless antici¬ 
pated, and it was reserved to M. de Milly to lay the foundation of 
stearic candle manufacture in 1832. The material c/perated upon 
was always tallow, and the process was that of saponification, by ’ 
lime or by alkalis. 

About i8r6 Braconnot, a French chemist, discovered that fats 
are mechanical mixtures, in varying proportions of .solid fats, now 
called stearin, with a liquid fat or oil. He found that simple pres¬ 
sure very slowly applied separated the .fluid part and that the re¬ 
mainder made hard candles, but the proccsss as employed by him 
was diflicult and imperfect. 

In 1829 James Soames, of London, patented a plan of sepa¬ 
rating cocoanut-oil into its solid and liijuid constituents by pressure, 
which was soon brought into use by E. Price & Co. for the produc¬ 
tion of cocoanut candles and lamp-oil, which firm also introduced 
an improvement in the substitution of mats made of cocoanut fibre 
for the canvas which up to that time had been used in the pressing 
of fats. 

In 1831 candle-manufacture in England was set free from the 
Excise supervision to which it had jireviously been subjected. From 
that date its progress was rapid. 

The manufacture of the ])laited wick, which had been patented in 
France in 1825 by Cambaceres, was introduced into England in 1836. 
In 1840 J. P. Wilson produced a candle from equal parts of stearic 
acid and cocoanut stearin in which the plaited wick was used, 
and which marked an important step in advance. They were 
named “Composite,” because of the mixture of materials in them, 
but the name has long since ])assed into a common one for cheap, 
self-snuffing candles. Palm-oil, treated by Chevreul’s process of 
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lime saponification, was brought into limited use *for candle-making 
in 1836, but the dark color of the candles produced hmited their 
general use. 

In 1840 a patent was granted to George Gwynne for a mode of 
effecting the distillation of the fatly acids in vacuo. This, as the 
first attemi)t to apply commercially the knowledge that the acids 
could be so distilled without decomi)Osition, was an important step; 
but it was superseded, in 1842 and 1843, a»discovery patented 
by E. Price & Co. in the names of William C. Jones and George 
F. Wilson. The patentees found that all the good effects of the 
vacuum-apparatus could be gained by’the use (in the distillation 
of fatty acids) of free steam, and that the costly and complicated 
vacuum-still could be reiffaced by an apj^aratus very simiffe in 
construction and easily managed while in operation. And further, 
the inventors pointed out that fats might be acidified in an advan¬ 
tageous manner by treatment with sulphuric acid, if only the proper 
conditions were assured. ^ 

Fremy had made known in 1836 that fats become greatly hard¬ 
ened by being treated with hal] their weight of sulphuric acid, care 
being taken to keep the mixture cool by means of a freezing com- 
jv.mnd. This process would be wholly impracticable in prac¬ 
tice. Fremy explained the decomposition of fats by sulphuric 
acid by the formation of unstable sulphonated compounds of fatty 
acids and glycerin, which on subsequent boiling with water resolved 
themselves into sulphuric acid, fatty acids, and glycerin. 

Jones & Wilson showed that if the fat were not cooled, hut 
heated, then 33 per cent of acid would yiroduce all the good results 
noted by Fremy. This jirocess came at once into jiractical use. 
Clark & Gwynne had patented in 1840 the use of strong sul¬ 
phuric acid in treating fats and oils; but both patentees described 
the addition of the'acid to a cold or nearly cold material. 

Perhaj)s no discoveries have had so great an influence on candle- 
manufacture as those which were embodied in Jones & Wilson’s 
patents of this period. The decomposition of fat by means of 
alkalis or lime had been up to this time the only process known 
for the production of fatty acids. But this process effected only 
a small change in the color or odor of many dark-colored and 
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offensive fats; and although by the pressing of such fats, after the 
separation of the glycerin, much of the color and of the odorous 
principles are removed with the liquid fatty acid, yet it is rarely that a 
material so white and so free from smell as the public require their 
candles to be can be procured by the alkaline-saponification process 
from dark-colored or offensive fats. But with the power of producing 
colorless hard acids by means of sulphuric-acid treatment, distillation, 
and pVessing, the* candle-manufacturer found his range of raw 
materials immensely increased. Up to the time of these inventions 
tallow was the only material u])on which he could work freely; and 
even of this costly material tbe lower qualities were unfit for his use. 
But with Jones & Wilson’s inventions he could fearlessly operate 
upon bone and skin fats, fish-oils, greases recovered from other 
processes, and, above all, upon palm-oil, and from each of them 
obtain a white and inodorous material for his candles. 

Imjirovements in various directions were made upon Jones & 
Wilson’s inventions: especially the proportion of acid has been 
reduced from 33 per cent to 10, 6, 4, and even 3.5 per cent by suit¬ 
able modification of other conditions. The distillation process 
was introduced into France in 1846. By 1853 oleic acid (red oil) 
was generally introduced for the oiling of wood both on the Conti¬ 
nent and in England. Heretofore, owing to contamination with 
mineral acid used for decomposition in the saponification process, 
oleic acid, forming, roughly, 50 jier cent of the total fatty acids, 
had been salable only at an unsatisfactory price. 

In 1853 R. A. Tilghman discovered that fatty acids could be 
separated from glycerin, without injury to the latter, by the single 
and simjile jirocess of subjecting the neutral fat while in intimate 
mixture with water to a high degree of heat, under sudicient pressure 
to prevent the water from being converted into steam, without the 
employment of any alkali or sulphuric acid or other saponifying 
agent, the operation, even with the most solid fats, being capable 
of completion in a very few minutes when the heat applied is equal 
to that of melting lead, or 612° Fahr., but reejuiring several hours 
when it is as low as 350° or 400° Fahr. The only conditions are a 
constant and intimate mixture of the fat with the water, a high 
degree of heat, and a pressure sufficiently powerful to resist the 
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conversion of the water into steam. The rWutt was a decomposition 
of the fatty body into its elements of glycerin and fatt/ acids, each 
element taking up the requisite equivalent of water essential to its 
separate existence, and the glycerin in solution separating itself 
from the fatty acids by settling to the bottom, when the mixed prod¬ 
ucts are allowed to stand and cool. In this process a chemical 
change took place in the fat in consequence of t^e presence ®f the 
water and the active influence of the heat and pressure upon tjie 
mixture. In 1854 Tilghman patented his discovery in England 
and in the United States. 

However, owing to the incomplete saponification and the de¬ 
struction of the fatty acids, the industrial application of this process 
was not successful. 

Chevreul’s lime-saponification process and the sulphuric-acid 
distillation process were- the only two processes practically used 
down to the time of Tilghman’s invention. 

G. F. Wilson, of Price’s Patent Candle Co., Ltd., in a paper 
contributed to the Journal 0} the Society oj Arts, Jan. 5, 1856, states 
that the })roeess of Tilghman suggested to them the idea of distilling 
fats by passing steam into them at a high temjjerature, whereby to 
resolve them into glycerin and fatty acids. They found the plan 
successful, and that the glycerin distilled over with the fatly acids, 
but no longer combined with them, and in July, 1854, they took out 
a patent for that ]>urpose. In a paper read before the Glasgow 
meeting of the British Association for the Advancement of Science, 
in Septeml)er, 1855, Mr. Wilson thus refers to the course of dis¬ 
cover)’ which took ])lace in this branch of manufacture: 

“By our first improvement in separating the fatty acids from 
neutral fats the glycerin was decomposed by the direct action of 
concentrated sulphuric acid at a high temperature, and all that 
remained of it was a charred jirecipitate. A new process for decom¬ 
posing neutral fats by water under great pressure, coming under 
our notice, referring to Tilghman’s process, led us to look again 
more closely into our old distilling processes, and the doing this 
showed, what we had often been on the brink of discovering, that 
glycerin might be distilled. 

“In our new process the only chemical agents employed for 
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decomposing the nciflral fat and sci)araling its glycerin arc steam 
and heat, dnd the only agents used in purifying the glycerin thus 
obtained arc heat and steam. Thus all trouble from earthy salts 
or lead is escaped, l^istillation, however, purifies the impure 
glycerin of the old sources.” 

The discovery in England in 1855 liy G. F. Wilson and G. Payne, 
as btifore stated, contributed to the restriction and final abandon¬ 
ment of Tilghman’s jirocess in that country. This discovery, which 
was jiatented, was, viz., that neutral fats could be, by distillation with 
suj)erheated steam alone, liroken uj) into fatty acids^and glycerin. 
Before the close of the same y(‘ar G. F. Wilson discovered that 
glycerin could be distilled without decomposition by the use of 
steam. Previous to this date a chemically pure glycerin had 
never been seen. Such a material became possible under this new 
patented disc()\’ery. 

In 1850 James Young jiatented a process for the production of 
hydrocarbons by the distillation of coaT at a low red heat. Oil of 
the same chemical composition had for centuries been known to 
exist in abundance in Burmah, and had been described in scientific 
books under the name of jietroleum, or rock-oil; but because of 
its imjiurity it had been used only for rough ])urpo.ses in the East, 
without becoming an article of im})ortation, to any large e.xtent, 
into Euroijc. In 1853 and in the following years patents were 
granted to Warren l)e la Rue for the working of this Burmese, or 
Rangoon, j)etroleum. The utilization of this material acquired com¬ 
mercial im])ortance and in the first half of i85g burning oil obtained 
therefrom was ex])orted to New York from England to the extent 
of 10,600 gallons. Before the close of this year, however, the dis¬ 
covery of petroleum in the United States revolutionized the geo- 
g.aphical distribution of this material and relegated Rangoon 
jietroleum to commercial obscurity, which jirevailed until recent 
years. Paraffin ajipeared first as a candle stock in 1850, made by 
a procc.ss jiatented by Young in that year. The jiroduction of this 
solid hydrocarbon was comjiarativi-ly small for many years, but 
it was largely increased when the refiners of American petroleum 
began to devote their attention to the utilization of the residuum 
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remaining after llie scj)aration of the more volatile portions of 
crude petroleum. " 

The form of autoclave, or digester, at j)resent in use was intro¬ 
duced by de Milly in 1855; while Ijeing practically a modification 
of Tilghman’s digester, it was the outcome of experiments under¬ 
taken by de Milly and ^lotard, as early as 1834, to effect the de- 
comj)osition of fats under ])ressure. Tilghman’s ai)])aratus, .which 
was constructed of wrought iron lined with lead and was ])laced 
horizontally, was worked at a ])ressure of 250 ])ounds ])er square inch, 
no agent excej)t water being employed for the (lecomposilion of the 
fat. M. de Milly’s autoclave, which was constructed of cojjper 
and ])lace(l vertically, was worked at a lower pressure, viz., 120 
pounds ])er scjuare inch, but n'cpiired the employment of a small 
percentage (2 per cent) of lime, or of an equivalent saponifying 
agent. 

During 1880-1885 the increased production of paraffin, both 
from American petroleum ^ind Scotch shale, resulted in its general 
use as candle-stock and a considerable reduction in the iirice of 
candles. 

The first recorded imiirovenienl ujion the candle-mould, attrib¬ 
uted to Sieurde Hrez, of the fifteenth century, was made by Thomas 
liinns in i8oi and consisted of the alternate application of heat 
and cold to the moulds enclosed in a tight box, which is the ])recursor 
of the mould-box of the jire.sejit candle-machine. In 1832 William 
Palmer repatented the mould-box originated thirty years before 
by Binns.. In 1834 Josejih Morgan patented a moulding-machine 
which contained the essential elements of the device at present in 
use. Morgan’s machine was continuous-wicking, was provided 
with hollow movable pistons for expelling the moulded candles 
and a clamp for hohjing them when expelled. Palmer made other 
improvements of greater or less practicability, notably in 1845, 
when he placed three .series of moulds vertically superimposed, 
whereby he was enabled to wick them together. Each series was con¬ 
nected with hot and cold water and when filled and cooled and the 
wicks cut, was removed and the candles rammed from the moulds. 
In 1855 John Stainthorp, an American, combined the ])racticable 
elements of preceding tlesigns into a very compact and serviceable 



446 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. • 

I 

machine, which, whilf'incorporating no absolute novelty, made pos¬ 
sible elTiciency greater than had hitherto been attained. With 
the exce])tion of moulcls for self-fitting ends Stainthorp’s ideas are 
embodied in the machini-s described on subsequent ])ages. Hu- 
miston, an American of iMiglish birth, contemporaneously with Stain- 
thorp attained the sam.“ entls, but Stainthorji’s American patents 
superitcded his; '^umislon’s English ])atents, taken out in 1857, 
sujKTseded Stainthorp’s by but three days. While some modifica¬ 
tion in cooling and heating the mould-box has been made, together 
with more substantial construction and increase in rapacity, the 
modern candle-mouUling machine exists jiractically as Stainthorp 
left it. 


Raw Materials of Fatty-acid Manufacture. — Previous to the 
introduction of a jiracticable distillation jirocess, the raw mate¬ 
rial for fatty acids was conlined to the better grades of tallow, but 
with its introduction the field was enlarged to include palm-oil and 
dark and inferior oils and greases and recovered fatty products, 
from which by acid distillation directly, or subsequently to lime 
sajionification, white and inodorous fatty acids were jiossible. Palm 
oil may be bleached readily by the bichromate suljihuric acid method 
described on ])age 127; by the acid distillation jirocess the color 
and odor are both destroyed, while with alkaline sajionification, 
either in an open kettle or under pressure, both the color and odor 


])ersist. The availability of any material is determined by its 
relative economy with resjiect to that of tallow or palm oil. The 
suitability of any fatty mati-rial for fatty acids depends upon its 
yield of stearic acid, which is indicati'd by its bofly or firmness and 
which may be determined accuratc-ly by ascertaining the melting- 
point of the original material, or the titre, or soli(lifying-j)oint of 
the purified and dry fatty acids obtained from the material 


Saponification, or Hydrolysis.—The term “saponification” is 
applied generally to those chemical reactions in which the glycerides 
constituting fats or oils are decomjiosed whereby fatty acids are 
liberated and a body with a constitution characteristic of the alco¬ 


hols is formed. 'I'he term also includes the similar decomposition 
of the waxes which arc compounds of fatty acids with mono or di¬ 
atomic alcohols. The term “hydrolysis” is often used synony- 
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mously, the etymology of the term layinjf stress upon the fact that 
water is instrumental in effecting the decomposition, though it must 
be borne in mind that water alone must Ijc considered the decom¬ 
posing agent whether the term “saponification” or “hydrolysis” 
be applied to the reaction. More strictly the term “hydrolysis” 
should apply to those reactions wherein the fatty acids liberated 
remain in an uncombined state. Water under normal conditions 
of temperature and pressure, save in the jiresence of alkalis, acids, 
or ferments, is without effect in the decomjiosition of glycerides, 
but at a temperature of 200° C. (392° Fahr.) and under normal 
pressure, water decomposes the glyceride with the formation, by 
the absorption of water, of fatly acids and glycerin. Tn the i)resencc 
of concentrated mineral acids, as sulphuric or hydrochloric acids, 
the decomposition under normal ])ressure may be effecterl at tem¬ 
peratures as low as ioo°-i20°C. r2J2°--248° Fahr.). Inasmuch as 
the formation of fatty acids and glycerin occurs only by the absor]>- 
tifin of water, it is a condition jirecedent to the decomposition of 
the glyceride that water be jiresent. As stated, the decomposition 
of the glyceride may be hastened under suitable conditions by 
the presence of alkalis, acids, or ferments. These bodies are termed 
catalx'tic agents or catalysts, and the jirocess, catalysis, by which 
is understoorl a change by virtue of the mere presence of bodies 
which do not of themselves enter into the reaction, or if thev do 
in some way enter into the reaction they are in the course of it always 
brought back to their original condition. Where the catalytic 
agent is an alkali, as in the instances mentioned before, a further 
reaction ensues in the combination of the fatly acids with the alkali. 
With the high temperature accompanying increased pressure water 
is effectual in decomjjosing glycerides. In the following table by 
Klimont * is shown the cf)m])arative rate of hydrolysis of different 
'.stocks under pressures of 105 and 225 pounds respectively. The 
percentage deconijiosition may be indicated roughly by halving the 
acid values; in the case of cocoanut oil the figure thus obtained 
should Ijc multi})licd by 0.4. 

The bases commonly emjiloyed as catalytic agents to accelerate 


* Zi'it. fiir an"i.‘\v. Chcinic, kjoi, 127. 
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TABLE XXVI.—AQUEOVR SA^ONH•I(^\T^ON OF NEUTR.AL FATS UNDER 
PRESSURE .10 ORAMS OF OIL OR FAT AND 500 GRAMS OF WATER, 


Oil iir Pal. 

Steam-im-ssurv of 101; Llis. 

Ai 1(1 Valiu's After 

• 

Slo.im-iiref.surc nf 225 Lbs. 
Acid Values After 


2 1 Irs 

1 Hrs. 

(1 Hr'.,. 

s Hrs. 

iHlrs. 

2 Hrs. 

4 lirs. 

6 Hrs. 

('fK'OiiniU-oil. 

0 I 

0 

0 .S 

0 () 

7S.6 

go. 2 

123.0 

i« 5-5 

Japan v’a\. 

1 


0 - » 

1.3 1 


12.3 

32 .,3 

4 f) I 

Tallow. 

'7 

.U 

f '7 ■ ?, 

S} S 


62 .3 

T06.3 

i.L'iS 

Prifsscd tallow. 


.S 

S 

Si () 


60.4 

08.7 

160.3 

C'ocoa-butler. 

I-’ .1 

-’4 

45.1 

()? (^ 


. 34-5 

76.1 

160.3 

Olive-oil. 

L'i > 

.1-’-1 

0 

71 .4 


6fi.3 

T14 • .3 

150-5 

Sesa’ne-oil. 

0 ?, 

•.u-> 


76 0 


() r. 7 

108.4 

' 53-7 

C'fittonseed-oil . ... 

10 0 



.U 7 


42.2 

80.2 

128 6 

Lin.sced-oiI. 

11 4 

21.1 

4 .t .S 

?6 1 


3.S.1 

.1 

>30.5 


aqueous sa])oniriealion are eaustie soda in soap-manufacture and 
lime in the manufacture of fatly acids for candle .stock. Jn soap- 
manufacture this decom])o.sition is effected under atmosj)hcric pres¬ 
sure by boilin.^ the slock with the alKali hydrate caustic soda; 
Chevreul and (Jay-Lus.sac under similar conditions in the prei)arati()n 
of fatty acids used the alkaline-earth hydrate, slaked lime. 

In the consideration of the- factors of lem])erature (j)ressurc) 
and the proportion of base pre.senl we may assume two extremes 
of conditions, viz., that of alnH)S|)heric or normal i)ressure and an 
excess of base present, and that of increased ])ressure and a minimum 
pro])()rtion of base j)resent. Jn the former condition, as demon¬ 
strated ordinal])' by Chevn'ul, the molecular j^rojjortion of the base 
present is insufTicient to elTect comjjlete decomposition, he having 
found that in.stead of the theoretical amount of q.7 ])er cent of CaO, 
12-14 P-i" c'ent were required. The same jmncijjles apjily to 
soap-boiling. Inasmuch as the ra])idity of decomposition is deter¬ 
mined l)y the (juantity of the base present, we find at this e.xtremc 
the most favorable conditions in ])oint of time, regardless of the 


state of the product. 

In the latter condition, i.e., in the case of hydrolysis under pres¬ 
sure with a minimum ]jro})ortion of the base pre.sent, it is not essen¬ 
tial that the base be present in molecular jirojjortions. With in¬ 


creased jiressure (temperature) the proportion of the base may 
be gradually reduced until at a pressure of 180 pounds, corre- 
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spending to a temperature of 220° C. (428° JFahr.), i per cent of 
the base is sufficient for practically complete hydrplysis. The 
time required for hydrolysis is determined, therefore, by the quan¬ 
tity of the base present and the pressure (temperature). With 
hydrolysis effected in the shortest time, viz., under normal pressure 
and in presence of an excess of the base, the fatty acids enter into 
combination with the base to form soap. To obtain the fatty acids 
in a free state, many hours are reejuired for thf hydrolysis of the 
.stock maintained at a high pre.ssure and in intimate admixture with 
a minimum proportion of the base. At the completion of the 
reaction the amount of base used is in combination with a propor¬ 
tionate amount. of fatty acids and remains, as will be seen later, to • 
be separated by treatment with acid. In accordance with the chem¬ 
ical law of mass-action, to the effect that where one substance is 
decomposed hy another, with the formation of di.ssimilar substances, 
the action will grow less and less as the masses of the original sub¬ 
stances decrease, and finully a stage will be reached before the 
decompo.sition is complete when no further action will take place, 
or a state of equilibrium will be e.stablishcd between the original 
substances and the products of their decom])o.sition. We find that 
the rate of hydrolysis is greatest at the beginning and gradually 
diminishes until an e(juilibrium is attained. The .stage is repre¬ 
sented by the tendency of the base to combine with the liberated 
acids to be equal to the op]XJ.site tendency of the water to dissociate 
the .soap thus formed. 

Until recently the equation representing the hydrolysis of oils 
and fats, i.e., 


OR OH 

CgHflOR-h 3 IIOH = QiH50H-f :;R • OH, 

OR OH 

in which R indicates the fatty-acid radicle, was taken as the true 
exjiression of the reaction in the sense that one molecule of triglyc¬ 
eride was converted into one molecule of glycerol and three mole¬ 
cules of fatly acids. (leitel, however, first showed by physico¬ 
chemical experiments that the reaction underlying the hydrolysis 
is a bimolecular one; according to this view the saponification of 
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glycerides takes place in stages, the triglyceride passing through the 
diglyceride ipto the monoglyceride, to be finally resolved into glycerol 
and free fatty acid. As the correctness of this view was doubted 
Lewkowitsch tried to ])rove its correctness by purely chemical meth¬ 
ods. If diglycerides and'monoglycerides did a))j)ear as intermediate 
products in a partially sa])onified fat, then it should be possible to 
prove the jDresence of lower glycerides by converting the lower gly¬ 
cerides” into a triglyceride by boiling with acetic anhydride. The 
the?! resulting triglycerides could be readily examined for the pres¬ 
ence of acetyl grou])s. On carrying out the experiments, T^'wk- 
owitsch actually proved that acetic acid was obtained ‘on saj)onify- 
ing the acctylated mass. The acetic acid could be determined 
quantitatively in the usual manner. Now if a natural fat was sa])oni- 
fied slowly in a manner simulating the ])rocess carried on on a large 
scale, and samjdes from the partially saj)onified mass were acetylated, 
varying amounts of acetic acid were obtained from them. On 
plotting the results in a sys1(‘m of coordinates, zigzag-like curves 
were observed. 'I'his ])roved that lower glycerides did occur in 
the j)artially saponified mass, and hence that the ])rogress of saj)oni- 
fication takes places in accordance with the view that the triglycer¬ 
ides pass through the diglycerides and monoglycerides, and that 
all three ])ossible reactions occur simultaneously. 

Lime-saponification Process.—The original lime-saponification 
process, as discovered and ])atented by Chevreul and first aj)plied com- 
merciallv but unsuccessfullv bv him and (lav-Lussac in 182^, con- 
sisted in the complete saturation of the neutral fat with lime or 
alkali. In the commercial operation of the process by these two 
scientists alkali intsead of lime was employed. Chevreul suggested 
that the production of soap could be expedited by boiling the fat 
and alkali solution together under jjri'ssurc. De ^lilly with greater 
commercial acumen assumed the enterprise abandoned by Chev¬ 
reul and Cay-Lussac, and by using the cheai)er lime for saponi¬ 
fication })laced the enterprise upon a sound basis. The stearic- 
acid candle industry dates from de Milly’s efforts in 1832. In 1834 
de Milly found that by decomposing fats under pressure in a closed 
vessel, the amount of lime necessary could be reduced from the 
amount used, viz., 14 pounds (the theoretical amount is 9.7 pounds) 
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per hundredweight of fat under atmosjdierjc pressure to 4 per 
cent. , 

Tilghman’s discovery in 1853, that neutral fats could be dc- 
comj)osed at high heat by water alone under j)ressure in a suitably 
constructed vessel immediately suggested *to de Milly certain im¬ 
provements in th” process which resulted in the ap})aratus and 
procedure em])loyed to-day, which is essentially a combination of 
the original ])rocess of Chevreul and the Tilghman process'previ¬ 
ous! v described. 

¥ 

Use of Process,—Where used alone without the adjunct of the 
distillation ])rocess, the lime-saj)onificatibn j)r()cess is adaj)ted only 
for stock of superior quality, the ])roduct of which may be pressed 
at once and the solid fatty acids utilized; where used in conjunc¬ 
tion with distillation, any stock of suitable firmness is avail¬ 
able, the quality of the product of sa|)()nitication determining its 
immediate utilization or subsequent distillation. The lime-sai)oni- 
fication jirocess yields the* maximum jiercentage of glycerin and 
fatty acids only in jiractically the same relative ])roportions in which 
they exist in the original material and without deterioration. There 
is no residue such as characterizes the distillation jirocess. Whe're 
glycerin is the objc'cl, the autoclave, or lime-sajionification process 
is to be jireferred. The term “lime saiKmification” ajqilied to the 
jirocess of hydrolysis refers more strictly to Chevreul’s original proc¬ 
ess wherein he completely saturated the fatty acids with lime and 
later set them free by treatment with mineral acid. It has come to 
be apj)lied to acpieous saponification under pressure in which lime 
is em])loyed solely as an accelerator or catalytic agent, and in this 
significance the term is used here. 

Constr.'cticn cf Digester.—The digester, or autoclave, employed 
in the lime sa])onification of fats and oils and devi.sed first by the 
h’renchman. Dr. Pajiin, in ifiqo, is similar to the modern rendering- 
tank in that the active agent is steam under jiressure, aided, however, 
by the addition of from i to 3 ])er cent of lime. The digester is 
essentially a closed, tightly rivi'ted, and calked cylindrical sheet- 
steel tank which may or may not be lined with copper or enclose a 
copper tank of smaller diameter. It may be placed vertically or 
horizontally, but' preferably the former. They vary in dimensions 
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from 3 to 6 feet in diametdr and from 18 to 30 feet in height. When 
made entirely of cojjper they measure, as a rule, 5 feet in diameter 
and 18-20 feet high. By use of copper or copperdined digesters, 
discolorization of the fatty acids which would otherwise be corr- 
siderable is reduced to a minimum. The upper cover is made of 
stronger metal than the rest, and, like the detachable bottom, it 
is held in its ])lace by bolls and nuts. A manhole is provided either 
in the toj) or side of the digester. Suitable openings arc provided by 
mc*ans of copj)er pipes and cocks for the admission of fat, lime- 
water, and steam, and for discharging the contents to suitable vessels 
where the separation of the fatty acids and lime soap from the sweet- 
water and the decomposition of the lime soaj) into fatty acids are 

elTectefl. Three-way cocks are used where¬ 
by different material may be admitted 
into and discharged from the digester 
through the same pipe. The digester is in¬ 
sulated or jacketed with suitable material, 
either wood or asbestos, to eexmomize heat 
and therefore fuel, and is provided also 
with a steam-pressure gauge. 

Agitation may be effected in a variety 
of ways on the same ])rinciple as obtains in 
the ordinary .soap-crutchcr, viz., by means 
of paddles sjjirally inserted on a vertical or 
horizontal shaft, according as the digester 
is vertical or horizontal, or by means of 
a screw enclosed within an inner concen¬ 
tric cylinder. A pump may be used as 
shown in section in Fig. 165, in which 
the interior of a digester is shown. The 
same digester is also shown in Fig. 166, 
illustrating the cross-section of a diges- 
Fig. 165 .—Interior ('onstnu- tcr-housc. In Fig. 167 is shown the top 
turn of the Digtsitr. ^ digester with the location of the pump 

for the agitation of the contents of the digester and attachments for 
the admission and discharge of material. 
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In R. A. Tilghman versus Procter et o/* the following de¬ 
scription of the digester shown in Figs. 165, 166 'and 167 is 
given: 

“The apparatus consists of a digester, or strong iron tank, of 
the dimensions of about 25 feel in length and about 4 feet internal 
diameter. Within said tank is placed a second tank, made of copper, 
slightly less, say 4 to 6 inches, in diameter than the exterior tank, 
the interior tank being bolted at its bottom to the exterior tank. 



“Into the interior tank there is placed fat and water in equal 
quantities, together with lime, in (juantity equal to i per cent of 
the quantity of fat, the usual charge of fat being 6500 to 7000 pounds, 
according to the quality and kind employed. 

“When the fat, water, and lime have been placed in the digester, 
or lank, the digester is not full by several feel. 

* Si*i‘ the following reports of the S. Sui)rcme Court: Mitchell v. Tilghman, 
ly Wallace, 287; Tilghman v. Procter, 12 Otto, 707. 
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“ Upon the introdirction of the fat, water, and lime, superheated 
steam, at a f)ressurc of between 200 and 250 pounds to the square 
inch, is introduced near the top of the iron tank, and finds its way, 
through numerous holes Jeft for the purpose, into the interior cop- 



Fig. if);.—'rop of Difffster, Showing tho Various ('onricTli<)’’.s 


per tank, and is there brought into contact with, and made to operate 
upon, the contents of the interior lank during the time that the 
charge of fat remains in the tank, during all of which period steam 
in large quantities is necessarily and intentionally ])rescnt in said 
tank with the fat; that the duration of the operation is from 9 to 
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10 hours, during which i)erio(l the first charge of water is drawn 
off and a second charge of water, about one hour befvftre the com¬ 
pletion of the digestion, is introduced. 

“Within the interior tank, about 5 feyt from its top, is placed 
a perforated diaphragm, and also within said interior tank is a pump, 
which during the process is constantly at work, and the function 
of which is to jireseiAe a constant agitation and intermingling of 
the contained contents, liy pumping the water from the bottom 
to the top of the vessel and discharging it on the ujiper surface of 
the fat, in order that it (the water) may, by its greater specific grav¬ 
ity, shower itself through the fat.” 

Operation.—As alrea<ly stated, the lime-saponification process is* 
to be jireferred where glycerin is to lie recovered. To derive the 
maximum amount of glycerin, stock of good quality should be 
used. The utilization of the fatty acid, whether for direct pressing 
or distillation, determines the use of the iron or copjier autoclave, 
for in contact with the fonher under high temjierature and pressure 
di.scoloration of the fatty acids is effected. The stock to be used is 
stored in tanks, from which it may lie delivered by gravity or suction 
to the dige.sters. LL, in Fig. 166, indicate lime-water tanks in which 
lime to the extent of 1 to 3 per cent of the stock used is reduced 
to a consi.stency whereby it may be dLscharged into the digesters DD; 
A is an engine which through the gears BB and cranks CC operates 
the pumps in the digesters DD] PP arc the stcam-cylinders of the 
agitating pump of the digesters DD, also shown in Fig. 167; K, F, 
and G are ])i])es for the admission of water, slock, and .steam; P is 
a pump. The cluirge of fat with the regulated amount of water 
and lime is introduced into the digester; steam is admitted and 
agitation is begun. The period of saponification varies with the 
amount of stock and.the temjierature and ranges from 125 to 200 
pounds steam jiressure for 8 to lo hours. T'he rate of decomposi¬ 
tion is more rapid during the first few hours of the period; the rate 
throughout the fieriod varies greatly. 

Analyses of stoek at each hour of the period made by Lewko- 
witsch indicate the rate of decomposition for tallow limed 3 per 
cent to be as follows: 
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TABLE XXVII.—rate OF HYDROLYSIS OF TALI.OW IN AN 
» AUTOCI.AVE (DIOESTER). 


Sami)lc taken after the 1st hour coni 
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A greater or less jxTcentage of neutral fat escapes decomposition. 
At the expiration of the j)eriocl, of a definite length for stock of a 
given quality under suitable conditions of temperature, pressure 
and agitation, steam is turned off and the contents allowed to settle 
a short lime, whereupon the fatty acids separate from the sweet- 
water, which after sufficient subsidence ffe blown by steam through 
the three-way cock into wooden tanks. The fatty acids are 
discharged througli the same cock through a sejiarate pipe into 
lead-lined wooden tanks. After the discharge of the first sweet- 
water from the dige.sler, fresh water may be admitted and 
digestion and agitation continued for an hour. This procedure 
not only extends the jicriod of decomposition under conditions 
more favorable to effect the last stages of decom])osition, but serAcs 
to wash out the glycerin mechanically retained by the fatty acids as 
well. The separation of the weak sweet-water and fatly acids is 
effected as before. 

Treatment of Sweet-water. — The products of digestion are 
sweet-water containing from lo to 15 per cent of glycerin, accord¬ 
ing to the proportion of water introduced into the digester with the 
stock, the quality of the stock and its degree of decomposition, 
with more or less fatty matter, according to the thoroughness of 
separation, and a mixture of lime-soap and fatty acids with a 
small percentage of neutral fat. Sweet-water as it comes from the 
digester, where decomposition has been effected, is not a clear 
liquid, but is an emulsion of fatty acids and aqueous solution of 
glycerin, in which emulsion the suspended and emulsified fatty 
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acids often amount to twice as much as the glycerin. To separate 
the fatty acids from the emulsion, it is generally C’dstomary to 
evaporate the liquid in open vats, and to collect the fatty acids 
from the top of the liquid by skimming as the separation is effected 
by the concentration; but this separation is imperfect, as it 
still leaves more or less fatty acids in the crude glycerin. Such 
a process of the evaporation of the emulsion is expensive and 
obnoxious, because the odor developed thereby is very disagreeable 
and penetrating, besides which an inferior glycerin is obtained be¬ 
cause some of the fatly acids dissolve in the concentrated glycerin. 
The emulsion may be broken up by the addition of a small amount 
of sulphuric acid. One-tenth of i per cent or less by volume of' 
66 ° Be. sulphuric acid will be sufficient. This is addefl to the 
glycerin-water while hot, which is then allowed to stand until cool 
enough for the fatty acids, to form in a solid layer upon the top, 
leaving a perfectly transparent liquid containing the glycerin below. 
For this separation twelve hours will generally be found to be suffi¬ 
cient. Under some circumstances, and in warm climates, the acid¬ 
ulated sweet-water may be cooled by artificial means, such as by 
ordinary cooling-pi[les within the tank, and through which cold 
water may be circulated. The fatty acids arc then removed or 
the sweet-water is drawn off. To the sweet-water, which is now 
slightly acid, slaked lime is added in sufficient (juantity to neutralize, 
or preferably a little more than neutralize, the acid. The thorough 
admixture of the lime is secured by any usual means, such as by 
blowing air through the liquid. The neutralized liquid is then 
filtered or clarified by settling and decantation. The resulting liquid 
will be clear and ready for evaporation in any approved form of 
cvajioraling apparatus. As it contains no mineral salts and is 
very free from organic imjiurities according to the quality of the 
stock its concentration is much simjiler than that required for waste 
soap lye. For this purpose triple-effect evaporators may be econom¬ 
ically used. The product of concentration, called “saponified 
crude glycerin,” is of higher quality than the corresponding grade 
obtained from waste soap lye, as the percentage of organic and 
inorganic impurities being much less, a greater yield of refined 
glycerin may be obtained on distillation. For distillation the same 
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apparatus and ])r()cc‘rfurJ as will be described for crude glycerin 
obtained frdm waste soajj lye may Ijc used. 

Treatment cf Fatty Acids.—The mixture of fatty acids and lime 
soap blown by steam fvpm the digesters into lead lined tanks is 
heated by live steam with a suflicienl (juantity of dilute sulphuric 
acid to decompose the lime soaj). The contents of the tank resolve 
themsi'lves into three ])ortions, viz., fatty acids, wash-water con¬ 
taining some free acid and gylcerin, and insoluble suli)hate of lime. 
The fatty acids are decanted into a si'parate tank and arc washed 
with fresh water to thoroughly eliminate all traces of acid. The 
acid wash-water of the decom]>osing-tank may contain sufficient 
glycerin to warrant its recovery, in which case it may be us(‘d to 
neutralize the alkalinity of waste soap lye, if a .soap-factory be 
oi)crated in connection. With fatty acids obtained by lime sa])onifi- 
cation fr6m inferior stock, subsec][uenl distillation is necessary to 
obtain a white and inodorous i)roducl, but when from good stock the 
.separation of the fatty acids into their .solid and liquid con.sliliients 
may ])roceed at once, d'he fatty acids are composed of a mixture of 
stearic, ])almitic (which are solid at ordinary temperature), and oleic 
(li(]uid) acids, with a .solidifving-])oint varying from 39° to 44° C., ac¬ 
cording to the relative ];ro{)ortions of .solid and liciuid fatty acids, the 
solidifying-]K)int of the fatly acids being invariably somewhat higher 
than the melting-point of the corres])onding glycerides. 

Graining or Seeding.—The mechanical separation of oleic from 
stearic and jxilmitic acids, in the case of tallow, is based u])on the 
different melting-])oinls of the fatty acids, and is effected by allow¬ 
ing the melted mixed fatty acids to cool slowly in .shallow tinned 
or enamelled iron trays arranged one abo\e the other in racks and 


filled successively from lop to bottom. Each alternate tray pro¬ 
jects over the other and permits the liejuid when one tray is filled to 
discharge by gravity into the one beneath, the series being fed 
from an overhead trough directly into the to]) tray. 'J'he lime of 
crystallization or seeding depends upon the temperature and varies 
from twelve to twenty-four hours. Crystallization should be al¬ 
lowed to ensue slowly so that the cr}'stals of stearic and jialmilic 
acids formed may be large and retain loo.sely the liquid oleic acid. 
With rapid crystallization, the crystals formed are small and closely 
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interlockfcl .'ind not permitting the freest separation of the liquid acid 
on ])ressing. 'Fhe proportion of solid and Ifquid fatty acids is an 
imjjortant consideration and for the best results the solid* acids should 
not be less than 6o per cent of the whole. Where palm-oil is 
saponified its fatty acids are usually mixod with those from tallow 



Fio. j68.—CoolinR-room. 

in the proportion of two parts of the former to one part of the latter. 
A view in the seeding- or cooling-room is shown in Fig. i68. 

Cold-pressing.*—On cooling, the contents of the tray are turned 
upside down on a coarse woollen press-cloth the ends of which arc 
folded evenly over the cake, the whole resting upon an iron plate 
which is jilaccd with its burden ujion a previously wrapped cake 
in a hydraulic press, a type of which is shown in Fig. 169. This 
jirocedure continues until the jiress is filled, whereupon jiressurc is 
aj)})lied very slowly, and generally in two or three stages, in the first 
of which the cakes “set” and ])ermit of the uniform distribution of 
pressure and in the later stages the pressure is ajjjilied more strongly. 
A press outfit comprises either a belt or steam hydraulic i)ump, 
which transmits pressure to llie hydraulic cylinder, where it is mag¬ 
nified according to the ratio existing between the diameter of the 
press-ram and that of the pump-plunger and transmitted to the 
material to be pressed. During the application of pressure the 

* For construction and operation of the hydraulic press, see “Cottonseed 
Products,” l)y T.. Tv. T^amhorn. 





460 


^AMERICAN .90.-1P5, CANDLES, AND GLYCERIN. 

olcic acid flows from the rakes into a lank directly beneath, from 
which it is transferred [rom lime to time to storage-tanks. Pressure 
is applied successively at 1000, 2000, and 3000 pounds per square 



Fig. 169.— Cold-press. 

inch. When the flow has ceased, the pressure is relieved, the 
j)ress-ram lowered, and the cakes removed. The reduction in size 
depends upon the proi)ortion of oleic acid expelled and is, as a rule, 
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about two-thirds to onc-half of the original bulk. Oleic acid, to an 
extent of 45 per cent (this figure, however, is variable) is t'xpelled by 
cold pressing. A portion is yet retained which is expelled by hot- 
pressing. The yield in cold-])ressing dejiends upon the consistency 
of the cake and the temperature of pressing. When jiressed too warm 
there is a considerable discharge of stearic acid into the li(iuid acid. 
When pressed too cold, or with insufficient jiressure, less oleic, acid 
is removed and remains to be* expelled in hot-pressing. The yield 
of lifjuid acid from the mixed fatty acids obtained by acid distil¬ 
lation is much, less than from that oblainx-d by lime saponification. 
Stearic acid may be recovered from the li(|uid acid by cooling the 
latter and seiiarating the portion thus crystalli/.ed by means of a 
filter-jiress. The jiortion thus recovered may be either hot-pressed 
at once or subjected' first to cold pressing, according to its con¬ 
sistency. 

Hot-pressing.—The cakes are removed from the cold-prcss 
and placed between the hollow steam-heated })lates of the hot- 
jiress shown in Fig. 170. Hot jiresses are horizontal, while the 
cold-presses may be either vertical or horizontal; the former tyjie 
for cold jiressing is the one generallj- used in the United States. 
The hot-])ress is ojieratecl in the same manner as the cold- 
])ress, i.e., by hydraulic power. A safety-valve provides against 
an excess of jiressure above the maximum for a gi\’en tem¬ 
perature. Steam is admitted to the jilates from a ]K)rizontal 
pi])e above the jiress by means of ujiright pijies connected 
with each jilate and permitting of a lateral movement of tlie latter 
by means of a sliding steam-joint. The hot-press is e>pene{l and 
the cold-jiressed cakes are inserted between the })lates until the 
})ress is filled, whereupon steam is slowly admitted to the jilates 
until they become heated to the temjierature desired to effect 
hot-])ressing for any given stock, usually, howevtT, between 140°- 
150° Fahr. Pressure is then admitted to the hydraulic cylinder, 
which is magnified, and transmitted to the cakes between the heated 
jjlates. The usual maximum jiressure in hot-pressing is 3000 
pounds per square inch. The results obtained in hot-pressing arc 
determined by the tenijicrature and [iressure. To cx[)el the last 
portion of oleic acid, as a rule about 10 per cent of the total acids, 
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more or less stearic, acid*must be exi>clled with it. The liquid as 
expressed flows into a tank beneath the press, from which it is 
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The rapidity of oj)cration depends upon the number of plates. 
With a thirty-plate press, about one pressing may be made' in an hour, 
although it is sul)ject to much variation according to conditions. 
After the cessation of the flow for the temj)erature and j)ressure 
allowed, the pressure is relieved and the plates swung back one 
by one to permit of the remo^■al of the cakes, which when the press 
is em])tied are stripped and the cloths returned for use at the^cold- 

I 

press. Jn hot-pressing the plates may be covered with horse-hair 
matting or the cold-i)rcssed cakes inserted in horse-hair bags. On 
stri])])ing the.,cakes arc carefully examined for discoloration, which 
])ortions arc trimmed ofT to be regrained and ])ressed. To insure 
the com])lete separation of oleic acid the cakes may be remelted and 
repressed. This may occur after cold-pressing, but more commonly 
after hot-pressing when such procedure is followed. The material 
thus treated })roduces a more durable candle, burning with greater 
brilliancy. The stearic acid free from discoloration or impurity is 
ready for moulding. * 

Utilization of Fatty Acids.—In the limc-sai)onirication process the 
stock was resolved into fatty acids mixed with some lime soa]) and 
.sweet-water containing glycerin. The latter was purified, concen¬ 
trated, and distilled, producing the refined glycerin of commerce. The 
fatty acids and lime soaj) were treated with dilute sulphuric acid and 
after washing and decantation the entire fatty acids were crystallized 
or si'eded and jiressed first cold and finally hot to separate com¬ 
pletely the lif]uid oleic from the solid stearic and palmitic acids. 
Oleic acid, commonly called red oil, finds application in the arts 
chiefly as a wool oil and as a soaji-stock. The solid fatty acids arc 
the raw material of the candle-moulder, by whom, either alone or in 
ailmixture with varying projiortions of paralfm, beeswax, etc., they 
are utilized. Other uses are very limited. 

Acid Saponification.—Chevreul in 1824 was the first to show that 
fats on treatment with sulphuric ai'id are decomposed into fatty 
acids and glycerin. The jirocess is apjilied only to stock of inferior 
(juality such as dark-colored fats and oils recovered from garbage, 
hides, and other industrial sources, the recovered product from its 
nature being valueless as a source of glycerin and wholly unfitted 
for treatment by lime saponification. The product of acid saponi- 
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ficalion is dark-colored and odorous and is purified by distillation, 
the two processes thus bcinfi; associated. Sai)onification with acid 
and the dislilhition of the resulting product are described in the fol¬ 
lowing sections. 

Use of Process.—In acid saponification followed by distillation 
the glycerin is practically destroyed. As this process is used only 
for inferior stock and is essentially a jnirifying yirocess, the loss of 
glycerin is inconsiderable. Considering the inferiority of the raw 
material and its low yield of glycerin it would not be economi¬ 
cal to treat it for glycerin. The loss of fatty acids is consider¬ 
able, vaning with their cjuality and the skill of ojieralion. 'J'he 
liijuid hydrocarbons contaminating red oil and the solid candle 
j)itch rej)resenl in ])art the decomposition of fatly acids and in 
j)art the concentration of organic impurities. A greater yield of 
solid fatty acids is obtained by this process than by lime saponifica¬ 
tion. Hy the latter jirocess tallow will^yield about 45-47 per cent 
of solid fatty acids; by the former 55-63 [ler cent, but with slightly 
lower solidifying-])oint. With respect to oleic acid the comparativt 
yield is about 47 48 ])er cent by the lime-sajionificalion jirocess and 
about 30 ])er cent by the acid-distillation jirocess. The increased 
yield of 15-17 ]>er cei\l of solid fatty acids by the latter yirocess may 
be exjilained by the action of concentrated suljihuric acid upon the 
unsaturated oleic acid, whereby it is converted chieHy into stearo- 
lactone and certain isomeric forms of oleic acid having a higher 
melting yioint than the unconverted oleic acid. 

Lime .sajionification is adayiled for good stock and where it is 
desired to recover glycerin, for by this jirocess the entire amount (10 
jier cent) may be obtained. Acid sajionification and distillation arc 
essentially a jiurifying jirocess and adajited only for inferior .stock. 
Where inferior stock is of value as a source of glycerin, the 
glycerin may be recovered by lime sajionification and the fatty acids 
thus obtained distilled, jiermitting the increased yield of fatty acids 
as well as the recovc-ry of glycerin. 

Acidification.—^'I'he dark-colored fat is first melted in an iron tank 


provided with a closed steam-coil, whereby imjiurities arc allowed to 
subside and are removed and any retained water exjielled by evapora¬ 
tion. The temperature may range from 200° to 300° Fahr. Th^ 
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fat thus purific'd is now ready for acidification. The high tempera¬ 
ture and strong acid j)rcclude the use of an iron vessel. Where 
acidification is efTected at a comparatively low temperature, a lead- 
lined vessel may be used, but where a high temperature is emj)loycd 
the vessel is preferably of copf)er and closed and provided with an 
aspirator for the removal of vapors. In the conventional diagram 
of the apparatus employed in the acid-distillation process shown in 
Fig. 171, the acidifier O is represented as a closed copper vesjsel 
surmounted by the lead lined tank £, from which the requisite 



quantity of sul])huric, acid (3 to 6 per cent, of specitic gravity 1.82- 
1.84) flows by gravity into the acidifier. The contents of the acidifier 
are healed by a closed copper coil through which steam superheated 
in the furnace F is made to circulate. Sul])hurous vapors incident 
to the reaction between the fat and acid are aspirated from the 
acidifier through the ])ipe M by means of a water-jet in the vertical 
pipe discharging into the chamber < 1 . The acidifier receives its 
charge of slock from the storage-tank by means of the pump C 
through the j)ipe c. Healing of the mixed fat and acid continues 
from two to five hours, during which the mixture assumes a very 
dark color; the sulphuric acid undergoes reduction with the evolu¬ 
tion of sulphurous fumes and the separation of tarry matter ensues 
from the decomposition of a portion of the fatty acids. The 
mixed fatty acids are converted into sulphonated acids. On com¬ 
pletion of the reaction the mixture is allowed to stand to deposit 
tarry matter, when'upon the supernatant fatty acids arc discharged 
into a lead lined reservoir represented in Fig. 171 by the series G 
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of lead-lined tanks i)i\)vidcd with copper open steam-coils. The 
acid foots remaining in the acidifier consists of tarry matter and 
sulphuric acid mixed with fatty acids. The whole is discharged 
from the acidifier and tlit- latter separated and added to the main 
body of fatty acids. The sulj)h() or suljihonated fatty acids are 
boiled with water acidulated with sulphuric acid by means of live 
steam for the purj)0,se of decomposing the unstable sulpho-compound, 
whereupon after complete decom])osition the acid water is settled 
out and removed and the liberated fatty acids are transferred to the 
storage-tank H, above the still /, from the reservoir A by means of 
the jjump C. The acid-washing ])rocess subsequent to acid saponi¬ 
fication serves not only to (lecomjiose the suljiho-fatty acids but to 
remove tarry matter carried in suspension from the acidifier; a 
second boiling with water and a little sulphuric acid may be 
required to effect the degree of decomposition and purification 
desired. , 

Owing to the powerful dehydrating effect of concentrated sul¬ 
phuric acid great care must be used in regulating its amount and 
density and the temperature to which the stock is heated. Sulphuric 
acid serves primarily as an accelerator of the hydrolysis; in its 
subsequent combination with the liberated fatly acid to form the 
unstable suljihonaled compound it plays a role analogous to caustic 
alkali in soaj) boiling, though in the latter case the compound formed 
is stable. With an insufficient amount of acid or with an acid of 
too low a density hydrolysis is incomplete, the same decreasing 
as the density of the acid is reduced until it becomes nil with acid 
containing less than 60 per cent of HoS(34 (49°-5o° lie.). The 
higher the temperature to which the slock is heated, and the greater 
the proportion of acid used, the lower will be the yield of fatty 
acids, and of glycerin if this warrant recovery. Abnormal con¬ 
ditions in these respects arc indicated by the copious evolution of 
sulphurous fumes and by the excessive destruction of glyceride 
and non-glyceride matter by carbonization. It should be endeav¬ 
ored to effect the most intimate admixture of the stock and acid 
of proper density and amount in the shortest time. 

Construction of Still.—The distillation of fatty acids by means 
of free steam dates from 1842-43, at which lime {vide page 443) 
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Wm. C. Jones and George F. Wilson patertted a process which 
supcrsc(icd a previous invention (1840) for their distillation in 
vacuo. This ])rocess originating with the precursor of the Price’s 
Patent Candle Co., Ltd., remains, w'ith practically little, if any, 



Fir,. I 7->. -'TyiK' of .Still for J)islillation of Fatty Acids—Plan and Elevation. 

essential modification, the recognized method for the distillation of 
fatty acids. By reference to Fig. 171, showing the conventional 
diagram of the acid-distillation process, the essential elements of 
the still equipment are shown; li is a lead-lined tank placed at a 
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sufficient clevtilion above the still, whereby the fatty acids stored 
therein may be allowed to run by gravity into the copper fjtill I as 
re(|uired. In Fig. 172 is shown in plan and elevation a still for 
fatty acids in actual ust. yl is a coj)per still; B a condenser; C 
is a coy)])er coil contained in the wooden tubs D; £ a steam-pipe 
from the sujxTheater G; £ a steam-pijie from the boiler to the 
superlieater G; 4 ^^ a copper charging-j)ipe for introducing fatly 
afids into the still A ; AT is a copj)er open steam-coil for injecting 
superheated steam in the mass of fatty acids contained in the still 
A, which is heated externally by fire upon the grate Z,;*^ O is a blow¬ 
out ])i[)e for the residuum, or })itch, remaining after distillation. 
An auxiliary condenser, not shown, is located out of doors for con¬ 
densing the lighter jjortions of the redistilled tar. The co|)pcr 
coils shown at C are surrounded by cooling-water and arc a con¬ 
tinuation of the ])air of u])right condensers, with which they are 
rcs])ectively connected. 'I'he distillate js discharged from the cop¬ 
per coils into separate tanks, according to its (juality. The condens¬ 
ers, as a rule, are of cop])er, the last one connecting with a suitable 
as])irator (see L, Fig. 171), whereby vapors are condensed and carried 
away by water discharged into tank /. Vaj)or yet uncondensed 
is conveyed through M and suitably disposed of. The condensers 
may be water-jacketed entire, or only the last one or two, to effect 
condensation of the more volatile j)ortions of the distillate; as a 
rule, however, air cooling suffices, for which purposes the condens¬ 
ers may sometimes be placed outside of the building. 

Distillation of Fatty Acids.—Fatty acids for distillation may be 
either those obtained by lime saponification, but unsuited owing to 
their dark color, for immediate jiressing, or those obtained, as pre¬ 
viously described, by acid saponification and intended for distilla¬ 
tion. The first charge of fatty acids is introduced into the still 
and heated by direct fire. Superheated steam in closed coils may 
be used to avoid danger of charring incident to direct heat, but 
the former method is more common. When the contents are heated 
to a temperature ayiproaching that of distillation, viz., about 500° 
Fahr., superheated steam at about the same temperature is in¬ 
jected through the copper open steam-coil. The temjieraturc of 
distillation varies, but to secure continuous distillation and a 
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distillate of good color, it should not "depart from 500° to 520° 
Fahr. The quantity of fatty acids distilled during a single 
“run’’ of the still varies with its size; with a still of ordinary 
size 16,000 to 18,000 pounds may be treated before shutting down. 
During distillation the volume in the still is kept constant by the 
continuous introduction of fresh material from the storage-tank 
above as rapidly as it distils over. The distillate, as a rule, is sepa¬ 
rated into three fractions. The first fraction, comprising al^out 
80 per cent of the entire distillate, is of white color and may be 
])ressed at ,once. During distillation more or less decomposition 
of fatty matter occurs with the formation of bodies of simpler com¬ 
position, viz.,' hydrocarbons. These for a part have a higher boil- 
ing-fioint than the associated fatty acids and remain in increasing 
amount in the .still: Their prc'sence in the di.stillate is shown by a 
green color, which, when it becomes decided, indicates that the 
distillate should be separated into the second fraction. 'Fhis frac¬ 
tion is returned to the .storage tanks for fatty acids and is redistilled 
with the next run. As distillation proceeds the color of the .second 
fraction becomes darker and more viscid, at which stage distillation 
is slojiped whereupon the contents of the still arc transferred to a 
smaller iron still jiermitting the apiilication of higher heat. The 
distillate from this still is collected in one })ortion, and, as a rule, 
is returned to the storage-tank for redistillation. It is highly 
charged with unsa])onifiable matter, which, when the di.stillate is 
di.sposed of in this manner, remains to a large' degree to contaminate 
the red oil. After .separation of three portions of the distillate, as 
above described, there remains in the still a black residuum, vi.scou.s 
when hot, but sblielifying on cooling to a hard, brittle ma.ss, known 
as candle-])itch, or tar, 

Products of Distillation.—To determine quantitatively the 
changes wrought by the high temj)erature of distillation, viz., about 
500° Fahr., in the composition of the fatty acids, a run* of 16,075 
j)Ounds was traced through, anti the chemical com])o.sition before 
and after noted, as well as the ])roportion of the different grades of 
oil above named. These figures may be taken as typical, the 
variation from averages being very small. 

\V. E. Garrigucs in a paper before the .American Chemical Society 
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The mixed fatty adds had a melting-point of 43.2° C., and 
contained: ‘ 



Before 

After 


Distillation, 

DistilLation, 


Per Cent. 

Per Cent. 

Solid acids. 

... 49.52 

50-47 

Oleic acid*. 

■ 

■ 

• 

to 

bo 

0^ 

33-05 

Hydrocarbons (liquid) f... 

... 6.94 

13-14 

Glycerin % . 

... 1.37 


Tar. 


2.00 

Loss.■. 


1 .S 4 


TOO. 69 

100.00 


The percentage yield of each distillate and its constitution were 
as follows:- 


Per Cent. Pit Cent* 

I 

First distillate.80,31 Containing: Hydrocarbons.. 6.29 

M.-pl. 44.8° Fahr. Fatly Acids. ... 93.71 

Second distillate. ... 12.13 Containing: Hydrocarbons.. 35.90 

Fatty Acids. ... 04.10 

Third distillate. 4.22 Containing: Hydrocarbons.. 98.74 

Fatty Acids... . 1.26 

Tar. 2.00 

Loss. 1.34 

Total. 100.00 


Making corrections for the hydrocarbons present before distillation, 
and the glycerin, Avhich forms a large part of the T.34 per cent loss, 
we have as a result of distilling 100 parts of pure fatty acids: 

* All thf pcTci-ntagcs of olcir arid were obtained by calc ulation from the iodine 
absorption figure. 

t I.iciuicl hydrorartions pre.scnt in the fatty acids liefore distillation arise from 
the addition of the second and third fractions of the distillate to the fatty acids for 
redistillation. 

X One-half the glycerin found is subtracted, together with oleic acid and hydro¬ 
carbons, from 100 to determine the solid acids, since tallow glycerides yield approx¬ 
imately 95 per cent fatty acids and 10 per cent glycerin, 
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Before 

After. 

Solid acids. 

... 53.di 

54-63 

Oleic acid. 

... 46.39 

35-77 

Hydrocarbons (liquid).... 


6.71 

Tar. 


2.15 

Loss. 


0.74 


100.00 

100.00 


It seems reasonably assured from these figures that the stetiric 
and jialmitic acids distil without change, while the oleic partly splits 
up into liquid hydrocarbons, tar, and’a saturated or non-iodine- 
consuming fatty acid. 

From the foregoing facts it ajipears to the writer that the present 
process of manufacture might be advantageously altered by taking the 
fatty acids directly from the autoclave to the presses—as is done with 
the light-colored stock—and obtaining a press-cake melting at 55°-56°, 
which latter is then subjected to distillation. By these means the 
candle-stock would not deteriorate in the still as it now does, and the 
formation of valueless—and even for most purposes harmful—hydro¬ 
carbons would be avoided, giving the red oils a greater worth. 

Practical candle-makers find that distilled stock invariably yields 
a press-cake of lower melting-point than that from the autoclave. 
This is now explained by the formation of the saturated fatty acid 
from oleic acid in the still. This body is sufficiently solid to resist 
being pressed out with the oleic acid, yet soft enough to lower the 
melting-point of its associates—stearic and palmitic. In passing, it 
may be pointed out, as shown by several writers, that the lowering 
of the melting-point of a mixture of two fatty acids by the addition 
of a third does not necessitate the latter having a melting-point 
below that of the two former. 

Apart from the evidence already given, its presence is indicated 
by its low molecular weight, being—probably considerably—under 
268, while the mean of stearic and palmitic as occurring in tallows is 
271-272. 

Utilization of Products.—On the distillation of mixed fatty acids 
the first portion of the distillate, constituting about four-fifths of the 
whole, is ready for pressing at once. As already described for fatty 
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acids obtained by lime saponification, they arc seeded, cold-pressed 
and hot-pressed, the solid fatty acids being available for candle- 
stock, while the liquid oleic acid is used in soap manufacture and 
as a wool-oil. From its origin and mode of preparation red oil 
obtained by ackl saponification and distillation commands a 
lowTr price than that obtained by lime saponification. Red oil 
obtained by the latter ])rocess is called “ sa])onified olein,” while 
that obtained bv the former is called “ distilled olein.” The second 
portion of the distillate, constituting about 12 ])er cent of the whole, 
is returned to the fattv-acid storage-tank for redistillation: like- 

* , ‘ r 

wise the third portion, although this procedure may be regarded as 
rej)rehensible. Candle-pitch, or tar, also called “ stearin-pitch, ” con¬ 
stitutes about 2 ])cr cent of the whole. It is much used for making 
insulating compositions for electrical purposes, for preparing water¬ 
proof i)apcr, in the preparation of lubricating greases, and for paints 
for various purposes. It is a black homogeneous j)ilchy looking mass; 
about 21 per cent is soluble in alcohol, the»solution being faintly acid 
and tluorescent. It contains about q to 10 per cent of saponifiable 
matter. On distilling it yields about 80.5 per cent of volatile oils, 
while 19.5 per cent of solid carbonaceous matter remains behind. The 
earlier portions of the distillate contain acrolein, the others varying 
in s[)ecific gravity from 0.7861 to 0.8877, ‘*1 ycllowi.sh-brown color 

and strongly fluorescent. The heavier fractions, which are the most 
abundant of the number, are about three times more viscid than water 
and dei)osit hydrocarbons of a similar nature to vaseline, a feature of 
some interest but not at all unexpected, considering the relationship 
which exists between the paraffin and olefin hydrocarbons and the 
fatty acids. It may be mentioned that Engler and Hofer consider 
that petroleum has been (leri\'ed by the natural decomposition of 
animal fats. 

Manufacture of Hydroxystearic Acid. — Oleic acid in a pure 
state, which is difficult to obtain, is a colorless, odorless liquid 
solidifying at 4° C. (39.2° Fahr.) and melting at 14° C. (57.2° 
Fahr.); commercially its comj)osition is determined by its origin. 
It is the representative acid of the oleic .series of unsaturated com¬ 
pounds which are characterized by the property of absorbing under 
suitable conditions two atoms of chlorine, bromine, or iodine, or 
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one molecule of their corresponding hydrogen acid, becoming con¬ 
verted thereby into derivatives of acids of tiie acetic (saturated) 
scries, of which, from the standpoint of the soap- and candle-maker, 
stearic acid is the most imj)orlant representative. It is possible 
by well-known chemical reactions to transform oleic acid into 
stearic acid; also into an isomeric body possessing the property of 
cryslalli/.ation. On treatment with cold concentrated sulphuric 
acid, oleic acid forms an addition compound, s),ill)hoslearic acid, 
which on boiling with water separates sulphuric acid and forms 
hydroxystearic acid and a small amount of stearolactone. Zinc 
chloride acts similarly on oleic acid. Since oleic acid forms such 
a large ])r()portion of the products obtained in the decomposition 
of fatty bodies and is unfit in its untreated state for use as candle- 
stock much attention has been devoted to the practical ajiplication 
of the numerous chemical reactions which are capable of jiroduc- 
ing from the lifiuid comrriercial acid cither an isomeric, addition, 
or substitution product of a|highcr melting-point than the original 
body. The stability required of such a product by the conditions 
of its use and the great cheapness with which the jirocess must 
necc'ssarily be worked limit the use of processes that experimentally 
are very satisfacto^}^ 

The following process, which is valuable as indicating the limi¬ 
tations of available processes, is the latest modification of the most 
jiracticable ])rocess ayjplicable for incrcxising the use of oleic acid 
as candle stock.* 


It is desired to produce hydroxystearic acid, Ci7H34<^^^^^^,from 

oleic acid, In carrying out this process oleic acid 

is dissolved in petroleum distillate, which is unacted upon by sul¬ 
phuric acid, in the j)ro])orlion of one part by volume of acid to tw^o 
parts by ^■olume of j)etroleum distillate of 6o° lie. The purjjose of 
solution is to increase the intimacy of contact of the reacting bodies 
and thereby to ])romote the thoroughness of the reaction. Poly¬ 
merization may be effected by the use of zinc chloride or concen¬ 
trated sulphuric acid. The latter agent preferably is used in the pro- 


* Letters patent No 772,129. W. M. Burton, patentee; Standard Oil Co., 
assignee. 
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portion of one part by we^ht of sulphuric acid to three parts by weight 
of oleic acijl. The reaction is indicated by the following equations: 


C17H33COOH+H2SO4 =Ci7H3 

OIpic aci 1 »Snlphimc- acid 


/COOH 

\OSO2OH’ 

Bulphustearic acid 


i- 


Ci7H3:,COOH+ H2S04=C17H34 

Oli'ic acid Sulphuric acid 

Slcartilaclfino 


/CO 

/1 +H2S04. 

Sulphulic acid 


The above reactions should be effected at a temperature not exceed¬ 
ing 40° Fahr. The product is then subjected, under suitable con¬ 
ditions, to the action of live steam, whereby the sulphostcaric acid 
is decomposed in accordance with the following equation: 


^ „ /COOH 
'^ 17 " 34 \^ 0 S 0 :, 0 H 

. Sulphdstcaric acid 


+ H20 = Ci7H34/h”^ 

Hvdrdxvstcarit acid 


+ H2SO4, 

Sulphuric acid 


thus producing hydroxystearic acid and regenerating sulphuric acid. 
The sulphuric acid is separated fromnhc solution containing the 
yield of hydroxystearic acid and the associated bodies by allow¬ 
ing the steam-heated mass to stand sufficiently to allow a separation 
by gravity, whereby llic mineral acid sinks to the bottom of the 
treatment-tank, whence it may be drawn off and suitably concen¬ 
trated for reiieated use. The remaining mass is then extracted 
under suitable conditions with an equal amount of hot petroleum 
naphtha, whereby the pure hydroxystearic acid is dissolved. This 
extract is cooled to about 40° h'ahr., whereby the hydroxystearic 
acid separates in a white crystalline form, leaving behind the other 
compounds in solution. The crystalline mass after suitable filtra¬ 
tion and drying is ready for use. 

The solvent used may be recovered by distillation and used 
again. By the procedure thus described it is claimed that about 50 
per cent of the oleic acid treated is converted into hydroxystearic 
acid without material loss of the reagent and solvent used. The 
remainder of the oleic acid, constituting about 50 per cent thereof, 
has been converted by the action of the reagent into stearolactonc, 
yCO 

Ci 7H34<; I , tho remainder being oleic acid unacted upon. This 
^0 
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may be recovered by suitable distillation end subjected again to the 
treatment described for the production of hydroxystcaric acid. 
By thus subjecting the original charges of oleic acid to the treatment 
described, reconverting the residual presumed stearolactonc into 
oleic acid and subjecting the latter to the same treatment, there 
is claimed to be recovered from loo gallons of raw oleic acid from 
85-90 per cent of hydroxystearic acid as compared with 25-30 
per cent, which is the highest yield usually obtained by other methods. 
Hydroxystearic acid, of which two forms exist, viz., <\- and /?-, is pro¬ 
duced by the general jirocedure, one form of which is described 
above. Thd relative proportions of these two isomeric forms de¬ 
pend upon the temperature prevailing during the reaction; thfe 
lower the temperature the greater the yield of ^-hydroxystearic acid. 
The / 9 -hydroxystcaric acid melts at 8i°-85° C. (i78°-i85° Fahr., 
and solidifies at 68°-65° C. (i54.4°-i49° Fahr.); <t-hydroxystearic) 
according to different observers, melts at 77°-85° C. (i7o.C°-i85° 
Fahr.). The original olei'r acid melts at 4° C. (39.2° Fahr.) and 
solidifies at 14° C. (57.2° Fahr.). 

Twitchell Process.-—The 'Fwitchell process for the decomposition 
of fats and oils into fatty acids and glycerin is based upon the dis¬ 
covery that when neutral fat to which has been added a small (juantity 
of a sulphobenzenc fatty acid is boiled with one-half its bulk of 
water, it undergoes decomposition into fatty acids and glycerin, 
which on standing separate into layers in a high state of i)urity. 
The great simplicity of this process, the case and cheapness with 
which it can be carried out, and the high j)urity of its products 
make it a formidable competitor of the historical processes which 
have been hereinbefore described. The decomposition of the neutral 
glyceride is the initial problem common to both the soap and candle 
industry. In the former the fatty acid is combined with caustic 
alkali to produce soap, while the glycerin is recovered by an expensive 
process of purification, concentration, and distillation from a foul 
by-product; in the latter the fatty acid is used directly, while the 
recovery of the glycerin is a comparativly simple process inasmuch 
as the menstruum in which it is contained is a much purer body 
than waste soap lye. If the waste lye of the soap industry can be 
made as pure as the sweet-water of the candle industry, or, better, 
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if waste soap lye as a tccfinical raw material of a valuable body can 
be eliminated entirely by a process wherein the glycerin is separated 
in an aqueous solution of great purity before soap is made, a long 
step forward in the industrial efficiency of soap manufacturing 
])r()cesses is possible. 

We are concerned at this place with the study of the raw materials 
of candle-manufacture, the study of glycerin being reserved for later 
consideration. Inasmuch as the Twitchcll process has become 
general in the candle industry its study at this place is appropriate; 
and to avoid re})etition, the student of soap-manufacture, in which 
art its field of usefulness is greater, is referred here for his facts. 
From the standpoint of soap manufacture the following ])oints of 
economic su])eriority over the historical process may be indicated: 
(j) the greater yield of glycerin obtainable from the stock; (2) the 
high gl)'cerin content and great purity of the glycerin menstruum, 
resulting in the greater ease and less exjiense of recovery of the 
glycerin therefrom; (3) the greater puriH' of the concentrated prod¬ 
uct, viz., crude glycerin and the grt;ater ease of its distillation neces¬ 
sary to produce the refined grades; (4) the a\'ailability of cheaper 
soda-ash as a sajionifying agent; (5) the greater simplicity of manu¬ 
facturing equipment. 

Returning to a consideration of the intrinsic nature of the process 
our attention is directed first to the instrumentality whereby the de¬ 
composition of the glyceride is affected. 

Sulphoaromatic Fatty AcMs. — The chemical reagent used in 
effecting decomposition by the Twdtchell jirocess is a product of the 
action of sulphuric acid upon a mixture of oleic acid and benzene, 
at a temperature below 30° C., in accordance with the following 
equation: 

CfiHs -k C1SH34O2 -k H2SO4 - CoH 4 flIS 03 )(CisH 3 ., 02 ) -k H2O. 

Benzene Oleic acid SulpliuriL acid Snlphobciizcne-slcanc at.id Water 

The sulpho-fatty acids which are largely used in the arts are 
unstable compounds, and that for this reason in the production of 
the same by the treatment with suliihuric acid of a fatty acid or oil, 
the yield or percentage of the sulpho-fatty acid is small in com¬ 
parison with the reagents emjiloyed. A large jierccntage of the 
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• 

reagents are wasted and the unstable product hself is easily decom¬ 
posed and separated into its component parts. 

In the preparation of this compound effort is made to overcome 
this objection by jjroducing a reagent vvh’ch will accomplish the 
functions of the sulpho-fatty compound and which will be stalffe 
under all ordinary circumstances, and which can be j)roduced simply 
and with a much less waste of the reagents employed. 

In the practical preparation of the compound the fatty acid and 
the body of the aromatic series, which may be either naphthalene, 
benzene, phenol, etc., are mixed in the proportions of their molecu¬ 
lar weights, whereuj)on concentrated sulijhuric acid is added in 
excess, care being taken to effect llie reaction at a temperature not 
in excess of 30° C. This new comj)ound obtained in this way is 
contaminated with small (juantities of, first, unacted on oleic, acid 
and other fatty matter; second, unacted-on benzene; third, sulpho- 
fatty acid; fourth, benzol sul])honic acid; fifth, suljihuric acid in 
large (luanlities. To purify the compound for chemical investiga¬ 
tion, the discoverer and inventor treats the jiroduct of the reaction 
with water and heats to boiling, whereby the excess of sulphuric acid 
is diluted and the mass separates into two layers. The lower clear 
aqueous layer contains the excess of sulphuric acid and whatever 
benzene-sulphonic acid may have been ])roduced. This latter 
compound is soluble in dilute sulphuric acid, while the new sulpho- 
fatty aromatic comjiound is not. The upper layer, a viscous oil, 
contains the sulphobenzene-stearic acid with the remaining impuri¬ 
ties. The lower layer is removed and the iqiper layer is repeatedly 
washed with dilute hydrochloric acid in which the sulphobenzene- 
stearic acid is insoluble. The sulpho-fatty acids (not combined 
with the benzene) originally present in the mixture will have been 
decomposed by the heating into suli)huric acid and fatty matter. The 
oily layer is then washed a number of times with ])etroleuni ether 
(commercial benzine or gasoline), which dissolves the fatly matters 
and the benzene, leaving the compound pure, except for small 
quantities of water and hydrochloric acid, and these can be easily 
removed by drying at ioo° C. This compound has the following 
formula: 


C6H4(HS03)Ci8H350o. 
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In place of the benzene, naphthalene and phenol have been 
employed and compounds obtained which in physical properties are 
almost identical with that obtained from benzene. The sulpho- 
naphthalene-stearic acid-has the following formula: 


CioH6(HSO,)Ci«H3502. 

« 

A general formula for this entire scries of new compounds would 
be R(HS03 )C]sH 3502, in which R rej)rescnts the aromatic radical. 

For commercial ])urposes it is not necessary to purify the new 
compound as described, one washing with water being generally 
sufficient. 

Tliese compounds possess the characteristics of sulphonic acids. 
On fusing with caustic potash, potassium sulphite is obtained. They 
arc dibasic acids. In ])hysical properties these com[)ounds resemble 
much more the sulpho-fatty acids than the aromatic sulphonic acids. 
They are amorphous compounds, soluble in water, but insoluble in 
solutions of acids or salts. They differ from the simple suljffio- 
fatty acids in being exceedingly stable, not decomposed by boiling 
with water or acid solution. 'Fhis not only renders them more 
valuable as commercial articles, but extremely useful for laboratory 
purp{)scs. 

One of the chief uses of this newly discovered reagent lies in the 
decomi)osition of fats and oils into fatty acids and glycerin. There 
will be a series of these compounds corresponding to the members 
of the oleic acid series and aromatic series, which are mixed together 
and treated with the sulphuric acid. These compounds have uni¬ 
form physical characteristics, varying slightly only in stability, 
according to the particular aromatic body employed, the chemical 
formulie varying, of course, only as the aromatic radical varies with 
the particular member of the aromatic series used. 

Outline of the Twitchell Process.—In general the process con¬ 
sists in simply boiling the fat in closely covered wooden tanks of 
appropriate size with water and a small percentage of the special 
chemical or saponifier which effects the decomposition of the glyc¬ 
eride. The boiling is done with open steam, and at the end of 
one or two boils of varj’ing duration (according to the kind of stock 
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in hand and the purpose for which the resultant fatly acid is to be 
used) the glycerin is found to be present in the water Arvhich settles 
to the f)ott()m, and the fatty acids are ready to be used at once either 
for candle-manufacture or the production, of soap. The glycerin- 
water after treatment with a small percentage of common lime is 
ready to be evaporated in any hind of evaporator, the simplest 
form being an open lank with ck)sed steam-coil. 

To effect complete decom])osition of the glyceride and to pre¬ 
pare the resulting products in the l)est condition for subse(]uent ufili- 
zation, cerUgn precautions are necessary.. In order that the smallest 
amount of the saponifying agent may be used, the fat must be freed 
from all dirt, lime, bone, tissue, or other im])urities natural to 'the 
various fats. 


This is accofnjdished by boiling the fat with weak sulj)huric 
acid in a wood or lead-lined tank and then drawing off the clean, 
well-settled fat into another tank. 

The tank into which ftie ])urilie(l fat is run or ])umped cannot 
be of iron, but ])referably must be of wood and fitted with a simjde 
brass, co})per, or lead coil for open steam only, and have a loose 
cover fitting snugly but not necessarily jierfectly tight. 

To the fat in this second lank is added about one-third of its 
weight of distilled water and ^ to i per cent of its weight of the 
saponifying agent. 


This mixture of fat, water, and chemical is now boiled with open 
steam for twelve to twenty-four hours, the time varying with the per¬ 
centage of the saponifying agent used. At the end of this lime nearly 
all the glycerin will have left the fat and will be found in the water. 


'J'he mixture is then allowed to settle. 


I'he glycerin and water set¬ 


tle to the bottom and the fatty acids collect at the top. During 


the boiling no air. must be allowed to come in contact with the fat 


through having the cover on too loosely. This precaution is to pre¬ 
serve the color of the fatty acids which are now ready for use either 
as candle- or soap-stock. 

'riie atpieous solution of glycerin at the bottom of the tank 
should amount to about 6o ])er cent of the volume of fat and is run 


or pumped to a treating-lank, where it is neutralized with a little 
lime (about { per cent) and is then boiled down in the usual evapo- 
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rating aj)|)aralus, the simplest form of which is an open lank 
with closed steam-coil. The crude glycerin thus obtained is light- 
colored, nearly free from odor, and contains 85 to 90 per cent of 
actual glycerin. 

Application of the Process on an Experimental Scale. Pre¬ 
liminary Acid Boil. —Place in cask A, Fig. 173, the fat to be treated 
and l/ring to a b(}il with the open steam-coil. While boiling add 
fnmi I to 2 ])er cent, say ] 1 , per cent, of 60° Be. sulphuric acid and 
boil from one to two hours. Turn olT the steam and let stand 
a few hours or overnight for the acid-water to settle out. The 
waste acid-water should show a strength of 8° Be., or over, on all 
slocks excej)t cottonseed-oil and linseed oil, in which case it should 
show at least 15° Be., and preferably 20° or 22° Be. Care must 
be taken that the acid used is not 06 ° Be., as this strength of acid 
would slightly discolor the stock, while 0o° Be. acid added to a 
fat boiling on o])en steam will not harm it. (0o° Be. sulphuric 
acid contains about 77 ])er cent H2SO.1; 20° Be contains 21 per 
cent; and 8° Be. acid 8 ])er cent.) 

It is of the utmost importance that the waste acid drawn off 
be not weaker than above staled, as stock will not work well in 
the next i)art of the i)rocess if the acid-water is drawn off weaker. 
As a general thing there is no diffjculty in getting this waste acid 
of sufficient strength by carefully following the method of {iroced- 
ure above outlined, but in case the fat is cold or the steam wet the 
wa.ste acid may be withdrawn too weak, especially in the case of 
cottonseed-oil. when it should be 15° Be. or over. In such cases 
the waste acid can be gotten of the proper strength without adding any 
more acid than above mentioned by heating the fat to boiling with the 
open steam first; turn off the steam, let it stand a half hour or so, 
draw off the condensed water, and again bring to boil with open 
steam, and when boiling add the acid and boil for from one to two 
hours I'he fat being aln'ady hot when the steam is turned on 
the .second time, there is but little condensation; and by this man¬ 
ner of making the acid wash it is possible, under the most unfavor¬ 
able conditions, to draw off waste acid of the above-mentioned 
strengths without using more than the above-mentioned percentage 
of acid. 




Pig. 173.—Experimental apparatus. Twitchell process. . 4 , tank to boil fat on acid. f3oo lbs. fat can be boiled in a 50-gal. oil- 
barrel; 1000 lbs. fat can be boiled in a cocoanut-oil hogshead.) 

B, tank toextrai.t glycerin. (150 lbs. fat can be extracted in a 50-gal. barrel; 500 lbs. fat can be extracted in a cocoanut-hogshead.) 
Cover on each tank made in halves, one tight, the other loose. Steam-sujjply same in each, but one pipe lead, the other brass. 
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The Saponification^—T^ivc hundred pounds of the washed fat are 
transferred from A ioB (Fig. 173), and 100 pounds of distilled water 
(condensed water from steam-coils) added. I'he steam is turned on 
and the contents of the tub brought to a lx)il. The boiling- should 
be vigorous enough to keep the contents of cask thoroughly mi.xcd 
and to cause the steam to come off freely from the surface of the 
liquid. ^ After the contents of the cask have been brought to a boil, 
add through a glass or graniteware funnel inserted through a hole 
in the lid the sa])onifying agent weighed out in a wooden bucket and 
w’ash it all in with a little distilled water. The contents,of the cask 
arc now boiled from twelve to twenty-four hours continuously, at the 
end of which time most of the glycerin will have been extracted from 
the fat, which should sliow from 85 to go per cent free fatty acids. 
The steam is now turned on at the i)ipe, going into the side of the 
cask near the to]), and then turned off from the coil and the glycerin- 
water allowed to settle out from the fat. The glycerin-water will 
separate nicely in a half hour on a small scale and in an hour or two 
on a factory scale. When a rather large amount of the sa])onifying 
agent has been used a permanent emulsion sometimes forms at this 
stage. A little sulphuric-acid solution (0.1 to 0.2 per cent) will 
break this emulsion and cause the mixture to settle. During this 
jieriod of settling steam is allowed to entcT through the pipe outside 
of the cask near the top t(^ prevent air from coming in contact with 
the fat, as the contact of the air at this stage would discolor the fatty 
acids. The amount of glycerin-water present should be between 
50-60 per cent of the fat. If more than 100 per cent is present 
it will be necessar)- to use less water at the start, and if less than 50 
per cent is present it will be necessary to use more water. The 
first two or three runs will show for each particular j)lant just how 
much water must be added at the .start, .so that with the condensed 
water produced by the steam the total amount of water pre.sent at 
the end of the boil will be between 50-60 i)er cent of the stock. 
The glycerin-water .should not test over 5° Be. (about 15 per cent of 
glycerin). After the glycerin-water has been drawn off about 50 
pounds of fresh water are added and the steam turned on the coil 
and contents of cask brought to a boil. During all this time of settling, 
drawing off, and adding water, the sj)ace above the fat is kept full 
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of steam. When boiling ])roperly steam is turned off from the side 
pipe near the top of the cask and the boil is continued fo»from twelve 
to twenty-four hours. At the end of this ])eriod almost all of the 
rcmaindiT of the glycerin will have been extracted from the fat, which 
should now show 97 or 98 per cent of free fatty acids. Now add 
through the funnel about 0.05 per cent (or \ pound to 500 pounds 
of stock) of barium carbonate mixed with a little water, and after 
waiting fifteen or twenty minutes for it to be well boiled through, 
take a sample from the cock on the side, and if the water in the cask 
is neutral to methyl orange (that is, no longer appears red when 
a few drops of methyl orange are added to it) the steam may be 
turned off and the water allowed to settle out, which will take from 
one-half to two hours. If the first amount of barium carbonate added 
is not sufficient to- make the water neutral to methyl orange, enough 
more to make it neutral must be added before shutting off steam, 
otherwise the fatty acids will discolor. The exact amount of barium 
carbonate required depends on the amount of the saponifying agent 
originally used and can be determined by trial as above. About 
one-tenth as much barium carbonate as of the saponifying agent will 
be nee<led provided no suljihuric acid has been added to the tank. 
The fatty acids will not now' be affected by the atmosphere and may 
be drawm off and used at once or stored in W'ood until w^anted. The 
waiter is left in the cask for the next boil, and if necessary enough 
water must be added to bring it up to w'hat has been found the proper 
amount with which to start the boil. 

Further Considerations.—The amount of the saponifying agent 
to be used is as follows: I to ^ per cent on prime, or No. i, tallow, 
mutton tallow, yellow" or white cottonseed-oil, cocoanut and palm-- 
kernel oil, w'hitc grease, olive-oil, corn-oil, lard, good stearin, and 
good stock generally; 4 to i per cent on off Nos. i and 2 tallow', 
very off cottonseed-oil, house grease, and similar stocks; i to 2 
per cent on the worst grades of No. 2 tallow, yellow" and brown 
greases. 

The length of time of boiling on the first and second waters 
depends on the amount of the saponifying agent used, the quality 
of the, fat, and the degree of decomposition desired. 

Table XXVIII w'ill give an idea of the results that can be obtained 
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by varying tliv amounJ of the saponifying agent and the time of boil¬ 
ing with diffvrenl fats. 



for Saponifying 50,000 Pounds of Stock per Week. Twitchell process. 











































CANDLES. 


485 


In some eases (when a gooj color of falty acids is of more imj)or- 
lance than a high yield of glycerin) a high degree of 4ecoini)osilion 
may not be desired. In such cases the first boiling may be short¬ 
ened asd the second used only to treat thp falty acids with barium 
carbonate. 

The jiroportion of water to fat and the progress of saponification 
can be very conveniently determined at any time by drawing off a 
sample from the side cock into a loo-c.c. graduaied cylinder. Upon 
letting this stand a few minutes in a warm place, the jiroportion of 
wat(‘r to fat can be read olT and a sample of the fat taken from the 
toj) and tested for free fatty acids and a sample of the water taken 
from the bottom wath a pipette and tested for free acid, using methyl 
orange' as indicator. This water should always show an acid reac¬ 
tion and will show usually from 0.1 to 0.2 ])er cent H2SO.1 at early 
stages of the boil and 0.04 or 0.05 per cent during the second boil. 

If at any time during the boil the free acid in the water should 
be found to be less than *0.04 jier cent of the water a little 60° Be. 
sulphuric acid should be added, about o.i per cent of the weight 
of the fat being generally suiTicient. Jf at any time during the boil 
the sa])onifjcation is not progressing at the normal rate of sjjeed the 
addition of 0.1 or 0.2 })er cent of 60° Be. sulphuric acid will generally 
result in effecting a return to the normal rale. 

After a few runs have been made in the plant it will seldom be 
necessary to add any acid; but during the first 3 or 5 runs, or until 
the wood of the containers has been well boiled out, it is generally 
necessary to add o.i or 0.2 per cent of Co° Be. suliihuric acid during 
the boil. If the acid content of the water should be found to be as 
high as 0.5 to 0.6 ])cr cent free H2S()4 it would indicate that there had 
been a poor sejiaration of waste acid from the fat on the jireliminary 
acid wash and that too much acid had bei'n drawn off with the fat. 
On account of the action of the wood on the saponifying agent the 
first ihret' or four runs will never be as good both as to rale or degree 
of s.ij)onification and color as the latter runs. About four or five 
runs are generally necessary to thoroughly wash out the wood con¬ 
tainers, so that the fifth or sixth run should be normal and repre¬ 
sentative of avc'rage results. It will take also several runs for the 
operator fo thoroughly familiarize himself with the details of the 
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process and the apparatus so as to get the best ntsults. Therefore, 
in experimenting with this process a number of runs—at least a 
half dozen—should be contemplated at the start. 

To the glycerin-water drawn off at the end of the first boil (after 
settling and skimming off traces of fat) enough milk of lime is 
added to make it just alkaline, that is to turn red litmus paper blue. 
This generally requires about \ per cent of lime. The lime sludge 
is easily separated by settling or filtration, after which the glycerin- 
liquor is ready to be evaiiorated to crude glycerin by any of the 
usual methods. 

When much lime has been used to neutralize an excess of sul¬ 
phuric acid, it is preferable to evaporate the glycerin-water in -two 
stages; first to 15° or 20° IJe. (45-60 fier cent of glycerin). After 
this the calcium.sulphate is allowed to settle out and the clear liquor 
is concentrated to 28° Be., equivalent to 1.24 .specific gravity (88- 
qo jier cent of glycerin). 

In a small apparatus f,uch as the one just described, the steam 
must be dry to jirevent loo much water being introduced. If the 
steam is too wet, a bleeder, or separator, must be put on the supply- 
])i])e to keep the water of condensation out of the tank. 

Factory Installations of the Twitchell Process.—^Attention is 
directed to reproductions of plans of factory equipment for carrying 
out the Twitchell process on an industrial scale, shown in Figs. 
174, 175, and 176. In Fig. 174 is shown apparatus necessary for 
effecting the decomiiosition of 50,000 pounds of stock per week. 
Referring to Fig. 174, about 10,000 jiounds of fat are brought into 
tank A and boiled on sulphuric acid in the rrianner described in 
the operation of the exiierimental plant. 

After .settling and drawing off the acid water through pipe w 
8000 to 9000 jiounds of fat are run through jiipe / into one of the 
saponifying tanks B and boiled with water and the saponifying agent 
as already described. 

With the larger apparatus there will be much less condensation 
of steam in proportion to the charge and therefore about half as 
much water as fat may be added in the first place. 

At the end of the first boil the glycerin-water is drawn through 
pipe g at ihe bottom of the tank into the settling-tank C, where 
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. 175.—Apparatus for Saponifying 60,000 Pounds of Stock in One Operation All on One Floor. Twitchell process. 
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any fat which may have been carried with tlte watcy can be skimmed 
off. • 

From tank C the glycerin-water is drawn into 7 ), where it is neu¬ 
tralized with lime as described on page 487. After settling in D 
the clear liquor is pumped by means of the swinging joint into stor¬ 
age-tank E. The sediment is allowed to remain in tank D. About 
once a week the swinging joint is loweretl and the sediment is j)umped, 
onto filter F and there washed. Or the contents of D mity be 
pum])ed without settling, through a filter-press. « 

At the end of the second l)oil the fatty acids are pumped or drawn 
from the tank through jfipc p. Tliis pipe is'placed at the proper height 
to draw off fat and leave the water in the tank. It should be 
turned u])ward inside the tank and have a try-cock in its side to test 
for water. Should, water be found at the level of this j)i])e it will be 
necessary to draw off a little at until the fat at p is perfectly clear. 

Fig. 175 shows a i)lan of equipment necessary for .sa])onifying 
60,000 ])Ounds of stf)ck in ftne operation, with all apparatus located 
on the same floor, h'ig. 176 shows a ])lan of ecjuipment necessary 
for saponifying 10,000 pounds of stock in one o])eration, with the 
a])])aratus located on successive floors, whereby the use of jmmps 
is avoided, all the material throughout the process being transferred 
by gravity. 

Summary.—The chief desiderata to be obtained in working the 
Twitchell process are a complete saponification of the gbceride 
whatever may be its source and a light color of the fatty acids. 'File 
causes of failure to obtain a thorough sa])onification may arise from 
uncleanliness of the tanks, contact of contents of the tanks with iron, 
the use of hard or im])un' water, impro])er treatment during the 
preliminary wash, or the use of too little or too much water. Fail¬ 
ure to obtain light-coloird fatty ac'ids may arise from the use of 
an excessive amount of the saponifying agent, the exposure of the 
contents of the tanks to air at any stage of the process before they 
are finally neutralized with barium carbonate, or the use of old 
or impure fat. 

Paraffin. — Paraffin is a mixture of the solid hydro carbons 
of the paraffin series and varies within somewhat wide limits in 
its hardness,' melting-point, and color according to the source 
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from which it* has been derived and Ic* the c^^gree with which 
coloring-mailer and softer bodies of similar ct>mposition have been 
separated. Refined hard paraffin is a resonant white* or bluish- 
white translucent waxy solid, odorless, tasteless, of crystalline 
structure* and, as indicated by its name, is' characterized by chem¬ 
ical inertness. Softer varieties in ])ro])ortion to the admixture of 
hydrocarlions of lower melting jioint depart corresjiondingly from 
the ])ro])erlies characteristic of the harder varit;lies. Ether,* ben¬ 
zene, all light hydrocarlion oils, essential and fatty oils, and car¬ 
bon disulphide dissolve it readily; it is .sparingly soluble in hot alco¬ 
hol, but sejiifrates on cooling. .At a temperature below its melting- 
])oint it becomes jdastic, which disadvantage to its use alone as 
candle-.stock is overcome by the addition of varying percentages 
(5 per cent and more) of stearic acid, according to the hardness of 
the paraflin. When ex])osed under .slight ])ressure for some lime 
at a temperature below its melting-point, a change in molecular 
.structure is undergone wlvreby paraffin becomes transparent; on 
change of tem])erature, or ot being struck, its original translucent 
ai)pearance returns. 

'file ])arafTjn candle has giown greatly in favor since it w’as in¬ 
troduced; this is chielly due to its greater illuminating j)ower and 
the absence of the pungent and disagreeable odor that character¬ 
izes the old stearin candle when blown out. It has, however, the 
drawback of a somewhat low melting ])oint, so that it cannot support 
its own weight in warm weather. The incorporation of a jjcrcent- 
age of stearic acid minimizes this objection, as stated. 

Petroleum })arafim is offeied in five different grades, melting 
respectively at 120°, 125°, 130°, 135°, and 140° Eahr. Paraffin 
obtained by distillation of .shales melts at about 140° Fahr., while 
that obtained from ozokerite melts at 140° to 158° Fahr.; if 
paraffin from the last source melts at a temperature lower than 136° 
Fahr., it may be assumed that hydrocarbons of lower melting- 
point have been .surreptitiously incorj)orated. 

Petroleum paraffin is obtained from the re.siduum remaining on 
the distillation of crude petroleum after the benzine and burning oil 
distillates have been separated. The residuum is transferred to 
“tar-stills” and subjected to further distillation; the lighter portions 
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arc returned for r(?distillat;ion with crude or treated separately. The 
heavier portions, paraffin-oil, are collected and purified, first with 
sulphuric acid and finally with caustic soda and water, whereupon 
the product thus purified is chilled by refrigeration, moulded into 
cakes, and subjected to cold pressure. The refined heavy oil'cxpressed 
is available as a lubricant; the solid hydrocarbons remaining in the 
cake are again subjected to greater pressure at a higher temperature, 
viz., Fahr. To obtain refined paraffin, the crude jiaraffin thus 
obtained is crystallized from petroleum ether and the cakes subjected 
to two jiressings as before; the paraffin thus purified is melted and 
filtered through boneblack', whence refined paraffin wai results. 

Paraffin obtained from shale or brown coal is contained in shale- 
oil resulting from the distillation of the shale; shale-oil is distilled 
after the same general procedure as followed for crude petroleum. 
It differs, however, from the latter in that it yields no product corre¬ 
sponding to vaseline. 

'rhe shale-oil industry dates from Y,oung’s patent in 1850 and 
continued to be the sole source of paraffin for many years. Petroleum 
paraffin rapidly disjilaced yiaraffin derived from shale-oil and dro/e 
the Scotch industry into yiractical desuetude. 

Ozokerite, or earth wax, varies in consistency from a soft sub¬ 
stance to material as hard as gypsum, and in color from light yellow 
to black. It is widely distributed, but the most productive sources 
are in Oalicia, where refineil ozokerite, known as ceresin, is obtained 
by distillation of the crude material with superheated steam; the 
distillate is treated according to methods followed in the yireparation 
of paraffin from jietroleum. The high melting-point of ceresin, or 
ozokerite paraffin, admirably adapts it to candle-manufacture. 

The illuminating power of ceresin candles exceeds that of the best 
paraffin candles from other sources. They have a high melting- 
point, and do not bend or soften in a warm atmosphere; they burn 
with a dry cup, and arc not so liable to gutter as ordinary trans¬ 
parent candles; they arc entirely free from smell and not at all greasy 
to the touch and resemble beeswax. 

The chief difficulty experienced in the beginning in the casting 
of paraffin candles arose from lack of precaution in regulating the 
temperature while casting. If the moulds are colder than the 
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inflowing paraffin, it will solidify as it touches the metal and as¬ 
sume a streaked appearance. On the other hand, if* the moulds 
are alloVed to cool slowly the candles will shrink on to instead of 
from thci sides of the mould and will be injured in extraction, if they 
can be extracted at all without being melted out. When the mould¬ 
ing is properly carried out and with smooth moulds, paraffin candles 
are obtained with remarkable lustre. High degree of Justre, 
combined with translucency, ready adaptability to ornament ^in 
shape and color, and brilliancy of light give paraffin preeminence 
over all candle-stock. The readiness, however, with which paraffin 
liquefies imparts a tendency to gutter to even the best paraffin candles. 
Its property of becoming plastic after exposure to a moderate de¬ 
gree of heat, independent of its melting-point, is counteracted by 
the addition of 5 to 15 per cent of stearic acid. Inferior varieties of 
paraffin candles, i.e., from paraffin of low melting-point, are very 
liable to “smoke” from too abundant supply of fuel to the flame, 
whereby its temperature is chilled below that of ignition. 

Stearin.—Stearin, consisting of the solid glycerides of the stock 
from which it is expressed (thus there may be tallow stearin, lard 
stearin, palm stearin, cocoanut stearin, cottonseed-oil stearin), was 
at one time used in the manufacture of candles and was an im¬ 
provement over the use of tallow in that the more combustible and 
fluid olein was separated. 

This term came to be applied to the solid fatty acids and to 
candles made from them. Cocoanut stearin mixed with fatty 
acids constituted the first “composite” candle. Stearins from 
whatever source arc not used in candle-manufacture. They are, 
in the first place, a valuable source of glycerin and when expressed 
from tallow of good, quality find a more remunerative outlet for 
edible purposes. When expressed from palm-oil the “stearin” 
consists largely of palmitin. 

Stearic Acid.—Stearic acid, also called “stearine, ” is known as 


“sai)onified” and “distilled” “stearine” acc.)rding as it is prepared 
by the lime-saponification process, or by acid saponification with 
distillation. This distinction refers to origin rather than to any 
difference in the practical working of the material obtained from 
the two sources. “ Distilled stearine ” in composition may be distin- 
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guisiK'd from “ saponifird slcurinc” by the j)rt*scncc of a small amount 
of iso oleic acid, to which the* increase in yield of fatly acids by the 
acid dislillatibn ])rocess may be attril)uted. Stearic acid from both 
sources is mixed with more or less ])almilic acid. Stearic, acid is 
a hard while, somewhat crystalline solid, lustrous and firm in 
texture and not greasy to tile touch. It dissolves readily in alcohol, 
ether,,and jielroleum ether, se])arating from the hot solutions on 
cooling in small needle-shajied crystals. “ Saixmified slearine ” solidi¬ 
fies at i2f)° to 1.^2° P'ahr. (52.2°to 55.5° C.); “ distilled slearine” at 
118° to i2()° Kahr. (47.8° to 52.2° C.). Commercial,stearic acid 
when melted and cooled slowly should show a close-grained crys¬ 
talline structure and whiai broken into fragments should give a 
characteristic “ snap." As “ slearine," i.e., commercial stearic acid, 
always contains varying quantities of iialmitic acid, the value of 
a given samjile dejiends ui)on the jiercentage of stearic acid con- 
taint'd therein. By the determination of the melting and solidify- 
ing points the ])roportion of these two acids may be ascertained by 


reference to the following table. 
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Stearic-acid candles have a greater illuminating jjower than those 
made from glycerides, are harder and possess none of the disad¬ 
vantages arising from the decom])osition of the glyceride during 
the combustion of the candle. They are inferior, however, in 
illuminating jiowcr to those made from paraffin. 




,C AX DIES. 


495 


Mixtures of Stearic Acid and Paraffin.*—In pj'acticiil work calcu¬ 
lation of the ])roportion of ingredients is based*upon ihejjredominant 
material; thus u 50 ])cr cent juiratl'in candle means 100 parts of 
stearic acid and 50 parts of paraflin. In tables of melting-points 
of mixtures of commercial stearic acid and paralTin, this ])ro- 
])ortion is not so indicated. .Such a table should be com])iled 
by the works chemist from tesis ap])lied to the materials used and 
their common mixtures. In the following tables an* com])iled nielting- 
})oints of mixtures in various ])roportions of commercial stearic ift'id 
and paraffin of different melting-points. (Ireat lack of uniformity of 
results in ifie determination of melting ])oints arises from the use 
of different methods and different mani])ulalion of the same method. 
As shown by these tables a mixture of |)aranin and “stearine” melts 
at a lower tem|)eralure than would be calculated from the melting-- 
j)oints of the two materials. The addition of “.stearine” to j)aranin 
causes candles made from the latter material to become opacpie and 
whiter, while at the samc'^time it corrects the tendency of paraffin 
to soften at a temperature In-low its melting point. 

Miscellaneous Candle-stock. — The princi])al materials, other 
than commercial stearic acid and paraflin, used in candle-manu¬ 
facture comprise beeswax, which in primitive times formed the 
illuminant of the wealthy classes but now is of limited use and 
almost exclusively confined to candles for religious ])urposes; sper¬ 
maceti, used exclusively in the manufacture of candk's designed as 
the standard of photomelrical measurement; cerasin, the refined 
product of ozokerite: anrl of minor importance, Japan wax, carnauba 
wax, Chinese wax, etc. 


I'he waxes are characterized by being solid bodies having a 
peculiar s(“mi-glistening lustre, generally denominated as waxy. 
The texture varies; some are homogeneous, like Japan wax anrl car- 
nauba wax; beeswax is granular in appetirance, while s])em:iceti 
and Chinese insect wax are decidedly crystalline; all arc sufficiently 
soft to be cut with the finger-nail, but hard enough to break when 
bent or struck. They melt usually from 125° to 140° Kahr., and are 
all lighter than water. 'I'hey are of complex composition and 
characterized in the main by being salts of fatly acids with mono- 
or di-atomic' alcohols and hence yield no glycerin. As wax cannot 
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TABLE XXX.—MElhriyC-POINTS OF CANDLE MATERIAL FROM 
MIXED P.V^AFFIN (SCOTCH) AND “STEARINE" (I. I. Redwood). 
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be mouhlcd, CLinclk^ from it alone must be “ dipi)ed.” Beeswax 
makes exceilent candle slock, being intermediate in illuminating 
j)ower between stearic acid and j^arafTin. The high price of bees¬ 
wax gives constant encouragement to adulteration. Stearic acid, 
paraflin, cerasin, rosin Japan wax, carnauba wax, an 1 stearin 
aie most commonly u.sed f{)r this ])urjjose. Waxes, owing to their 
high melting-jjoint, serve to harden candles, the lustre also being 
increased. I’ure spermaceti, being very brittle, cannot be employed 
alone for candles, but is mixed with beeswax, stearic acid, or paraffin. 
In the directions for manufacturing the standard si)erm candle it is 
prescribed that the Ijesl air-bleached beeswax, melting at or about 
144° Fahr., and no other material, shall be used for this pur])ose, 
and that the proportion of beeswax to s]>ermaceti shall be not less 
than 3 })cr cent nor more than 4^ per cent. 

Bleaching Beeswax and “Stearine.”—'I'he natural method of 
bleaching, which still remains the best and of all others alone pre¬ 
serves the natural characteristic aroma in beeswax, lies under the 
.single disability of taking u]) a considerable time in its performance. 
Iffiere is, it is true, a possibility of shortening the jirocess by the 
employment of ozone for the artificial enrichment of the bleaching 
atmosiihere, but this has only an insignificant influence unless care 


is taken to preserve the wax in a certain condition of moisture. To 
su])ply this ozone we may proceed by atomizing oil of turpentine 
or by making u.se of the electric current. Still, even under these 
circumstances the bleaching jirocess may be jirotracted for some 
weeks, or even months; .so that the advantages of a chemical proce.ss 
capable of rendering the wax perfectly white in twenty-four hours 
cannot be overlooked. In practice pure beeswax is rarely bleached. 
It is customaiy to add to yellow wax, jirior to bleaching, from 3 
to 5 per cent of tallow for the pur])ose of counteracting the natural 
brittleness of pure bleached wax; moreover, in he presence of a 
small quantity of tallow, bleaching ensues more rapidly, and with¬ 
out the tallow it is difficult to obta n a j)roduct entirely while. The 
action of tallow in bl aching is attributed to the presence of oleic 
acid, which being easily oxidizable aids the combustion of the 
organic coloring-matter of the wax. Oil of tuipentine added in 
small quantities acts in the same manner. Other processes may 
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be employed for decoloring wax, e.g., bleachjng* with animal char¬ 
coal. I'he wax is kept in a fused state in contact with the black, 
and the white wax is obtained by filtration. Permanganate of 
potash or bichromate of ])otash may also be employed in acid solu¬ 
tion with good results, and even oxygenated water. 

Reducing agents, such as sul])hurous acid, sulphites, hydro¬ 
sulphites, etc., do not act on the coloring-matters of wax. Chlorine 

bleaches waxes, but the chlorine is absorbed as Ijrominc and iodine 

• 

arc, and thus ihe composition of the wax is greatly modified. 

From a dose investigation into tlie natural method of bleaching 
it appears* that the duration of llie process is influenced by the follow¬ 
ing factors: The iiercentage of water in the wax, the moisture of fhe 
air, the surface of the wax, the temperature, and the light. Perfectly 
dry wax takes twice as long to bleach as that containing from 2 to 5 
per cent of water, while, on the other hand, air laden with moi.sture 
will only bleach four times more slowly than if quite drj'. The 
most favorable temperature is 35° C., though the operation can be 
effected at as low as 20° C. Diffused sunlight (full daylight) is 
almost as effective as the direct rays of the sun. The most impor¬ 
tant factor, however, is the amount of exposed surface, which should 
be as large as ])ossible. To this end the crude wax may be melted 
and run into laminie of one-flfth to one-eighth of an inch in thickness, 
or, better still, made up into an emulsion with water at 60° to 80° C. 
in a Laval emulsifier and poured out into cold water, by which 
means it is obtained in the form of extremely .small granules. It is 
also found that the pre.sence of bleached wax in the crude wax expe¬ 
dites the bleaching of the latter considerably. 

By the aid of the emulsifier it is claimed wax can be chemically 
bleached in ten minutes, d'o accomplish this the wax is emulsified 
with slightly alkaline water at 80° C., and after exposing the emulsion 
to the action of so.lium hypochlorite for ten minutes a slight excess 
of hydrochloric acid is added, the wax being finally washed with warm 
water in the apparatus. The jiroduct is, however, inodorous and 
brittle. 

Stearin behaves exactly like wax under the natural bleaching 


* liuisinc, Bull. Soi'. Chiin., p. 46^, 1890. 
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process, and the ('hemical method is also applicable to Japan and 
carnauba w^x. In j)ractical bleaching processes the loss or shrink¬ 
age in volume of the bleached wax is variable, according to the 
composition of the crudq, wax, and is of such an amount a,^ to give 
rise to the custom in the candle trade of considering 14 ounces 
the weight of a ])ound of beeswax candles. 

The Candle.—.A candle consists of a cylinder of solid, fusible, 
combustible matter surrounding and saturating an axis which is 
i I self combustible and in virtue of the capillarity of its j)arts admits 
when ignited of the contipual absorption and ascent, of the sur¬ 
rounding matter, h^piefied by its heat of combustion, where it is 
distilled; the gases thus formed and raised to the tem])eraturc of 
ignition burn, the incandescence of the carbon particles resulting 
from their decom])osition ])roviding illumination. Jn its structure 
is to be found vestiges of the pine branch which in primitive times, 
as a torch, served as the sole instrument of illumination; of the link, 
or ro])e strands, steej)ed in resin, tar, or i)ilch; of the flambeau, or core 
of hem]), soaked in resin and ^’oated with beeswax, and of the later 
dip formed by coating strands of yarn by repealed dip])ing and 
cooling in molten tallow or wax. With the introduction of moulds 
by Sieur de lire/, in the Tifteenth century, the candle in exterior 
form as seen to-day first a])i)eared. d'he nature of the combustible, 
its melting-point, viscidity, and burning ])ower, the blending of 
suitable material from several sources, selection of the wick that 
in number of threads, substance, and structure is adapted to the 
combustible chosen, are j)ractical considerations for the candle- 
maker. 

Preparation of Wick.—Wicking is made from the best quality 
of cotton and carefully s|)un so that there will be no loose fibres or 
‘breads, but that the yarn will be uniform throughout. The cotton 
having been bleached by the spinner is sj)un into yarn, which to 
indicate its purj)ose is termed “wicking,” and is then cut into hanks 
of uniform length, in which form it is delivered to the candle- 
maker. 'To facilitate combustion of the wick, and to counteract 
“smoking,” the wicking is first i)ickled, which consists in immers¬ 
ing the hanks in a dilute .solution of mineral .salts for a period of 
twenty-four hours. The mineral .salts used comprise borax, chloridp 
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or nitrate of potassium, ammonium chloride, ob chloride sulpiiate 
or phosphate of ammonia. Pickling causes the wiejk to curve 
in burning, and at the same time to vitrify the ash. It also 
prevents, the wicks from burning too rsyjidly and obviates the 
nece.ssity for snuffers. After .sleejnng, the hanks are placed in a 
centrifugal machine and the solution thoroughly expcdled, after 
which, if necessary, they may be further dried in a drying-room. 



They are considered sulliciently dry wlien llii'v i)resenl a charactcr- 
i.stic cris]) feel. The pro]K)rlion of mineral matter retained by the 
wicking is extremely sliglit, but yet sufl'icient to materially affect 
the burning of the candle. 'J'he wicking is now ready to be wound 
on spools or ])obbins, for which pur])0.se a s])ool-winder, shown 
in Fig. 177, is u.sed. The hank is i)laced on the reel and wound on 
the spool as shown. The same machine is used for gathering 
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threads from any number of si)oc)ls according to the size of the wick. 
Assuming ^hat a wick of thirty threads is to be made, strands 
made of threads from ten spools are wound on one spool and three 
of these spools, bearing^ strands of ten threads each, are placed in 
the wick-braider shown in Fig. 178. The spool to receive the 
plaited or braided wick is inserted between the guards at the toj) 
of the machine and receives the braid formed by the automatic 
movement of the device carrying the spools at the base of the ma- 
cliine. The spool when filled with the wick thus made is ready 
to be inserted on the spindle of the candle-machine. 

The Wick.—The size of the wick must be adjusted to the diam¬ 
eter of the candle and the fusibility of the material. The capillarity 
of the wick, i.e., the rate at which molten matter is drawn up from 
the gutter formed by the melting of the combustible and its absorp¬ 
tion by the wick, must be such that the exact quantity of fluid com¬ 
bustible shall rise through it and be burned with a flame sufficiently 
large and hot to consume as much combustible as it melts. If 
the wick is too large, i.e., the capillarity too great in pro])ortion 
to the diameter of the candle, no ciij) at the base of the wick is formed 
and guttering ensues. If the capillarity is loo slight, the unmelted 
matter forming the rim of the candle does not melt regularlv with 
the descent of the flame, thus producing equally unsatisfactory 
results. 7 'he more easily melted and combustible 'Ji? material, 
the looser must be the plait of the wick; hence a ])laited wick is 
unsuiled for a tallow candle, by the size of wick is meant the 
number of strands or threads contained in it, and varies as slated 


according to the diameter of the candle and the fusibility of the 
material. I'he number of threads in each strand varies from 3 to 20. 


The size of tiie wick is indicated bv the number of threads in each 


strand and the number of strands. Thus a 3 10 wick contains 


30 threads in 3 .strands of lo threads each. The looseness of the 
plait is likewise determined by the same conditions and varies 
from 4?, to 18 ]>er inch. 

A candle of very fusihk* and combustible material should lun-e 


a looser ])lait than one made of material of highcT melting point and 
less ready combu.stion, with the nurnlxT of llireads depending upon 
the diameter of the cuindlg. Thus the diameter of the candle and 
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the fusibility of the material determine tht size <jf the wick and the 
number of plaits per inch. * 



The size of a candle is indicated by the number required to 
weigh a pound; and with a given number of candles per pound 
there is further variation in diameter and length. With large 
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diameter tlierc is ^orresfJondiTig ieduction in length and vice versa. 
The plait in burnint^ contracts unequally and bends outside of 
the zone of coml)uslion, where in contact with oxygen ofo the air 
it is completely consumed. , 

Equipment of the Candle-plant.-^The essential equipment of a 



Fio, 180.—Meltin^-kclllr, Aluminum-linod, with Automatic Temperature 

R('Rulalor. 


candle-plant comjtrises a boiler to sup]>ly steam to melt the materials 
and to lieat the moulds; a water-su])ply under ])rcssure to cool the 
moulds; jacketed kettles in which to melt the materials; a wick- 
plaiting machine where the wick is not provided ready for use; 
a wick-winding machine for filling spools of the candle-machines; 
candle-makers’ tools, such as a tin swimmer, tin pouring-bucket, steel 
cutter or scraper, a steel wick-knife and thermometer, to which may 








Fig. i8i. —Candle-machines, Showing Connections and Manipulation. 
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Fig. 182.—Combined Soap- and Candle-plant. 
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be added a fodt- or steam-power butt-saw and steam stamping- 
machine, or a combination sawing-stam])ing'i)oljKhing machine; also 
l)ipe-cutting tools and extra fittings for repairs where thd factory is 
remote from a market for such goods. 

The essential ajjparatus of candle-manftfacturc arc shown in 
Fig. 179, which is a view of a plant for large-size candles, showdng 
steam-boiler, aluminum jacketed melting-kettle, and candle-machine, 
with suitable water and steam connections; alsp a tin pouting- 
bucket. • 

On pages 505 and 5o() arc shown methods of setting up, piping, 
and filling the'candle-machines and of removing the racks of candles. 
These methods naturally vary with each estaldishment and for which 
no hard-and-fast rule can he made. I'ig. 182 is of especial interest 
in that there is shown a plan of the actual e(|ui]jment of a combined 
soa])- and candle-jfianl. 

Melting-kettle. — The melting-kettle may be heated either by 
steam or direct fire, but jj^eferably by the former. All parts in 
contact with melted malerial should be non corrosive, so as to avoid 
discoloration of tlie candle-stock. For this purj)ose steam-jacketed 
kettles lined with aluminum give the best satisfaction, as this metal is 
light, durable, and not alTected !w tin* ticids. 

Paradin may be melted in a kettle of aluminum or iron. When 
mixed with stearic acid in the ])reparation o[ a candle-stock the com¬ 
posite should be mt'ltecl in wooden tubs, earthen crocks, tin vcs.'^eLs, 
])orcelain or aluminum kettles. Iron will discolor the slock cind 
lead-liiK'd tubs will injure the burning (|ualily of ])aranin. A coil 
of iron or lead ])il)e, however, can be usetl for heating the tubs or 
kettles j)rovided it is-placed at the bottom and covered with enough 
water to keep the stock from coming in contact with the iron or lead 
of the coil. The stock can be heated on the water with impunity, 
but it should be well settled before use, in order that no water shall 
get into the moulds or the candles. The retjuired kettle capacity of 
a candle-plant dejjends on the number and size c'f the moulding- 
machines used. An aluminum-lined melting-kettle is shown in Fig. 
180. 

Mixing Ingredients.—The parafl'in-stcaric acid for composite 
stock may be melted sei)aralely or in the same vessel. Very little 
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agitation is rccinirt'd to combine* them when they are melted separately. 
When melted in the*same vessel, it is advisable to melt the paraflin 
first; but where the stock is mt'lted on water, it is immaterial which 
ingredient is first melted, or whether both ingredients are put into 
the same vessel together to be melted or melted separately. 

Coloring Candles.—In coloring moulded candh's the dye is 
uniformly mixed with the melted slock; with wax candles made by 
dip])ing, the canc'le may be colored throughout by mixing the dye 
\;ilh the melted stock or by di])])ing the candle at intervals during 
formation, or once, at the end, into slock mixed with the dye. Tlie 
dijijied candle may thus be either colored uniformly or only upon the 
surface, or in variegated colors. Mineral c'olors are inadvisable 
owing to their interference with ('oinbiislion. A great variety t)f 
aniline colors are available. As a rule the color in recjuisile amount 
is dissolvefl directly in a .small ])orlion of the melli-d stock and the 
solution strained into the main bodv of the material. 

Stearic acid dissolves many aniline c^'lnr?,, although a few of them 


in limited (|uanlilies only. Its acid nature causes many of the colors 
to fade. The basic character of many of the anilines explains the 
readiness with whiih ihev are dissolved bv stearic acid. The latter 


is healed to a little above the melting-point, 6o° to 05''’’ C., and the 


coloring a<lded. 

The (|uantity of the couiring-matter varies between 0.05 and o.oi 
per cent of the weight of the stearic aeiil according to the dej)th of 
color desired, (kire should be taken not to overheat the ma.ss lest 


the color be decompo.sed. 

Some of the colors are so sensitive to heat that fre.shly moulded 
candles in which they are u.sed a])|)ear quite colorle.ss, the color 
only a])pearing when the candli-s have become quite cold. The 
blue colors on warming also sometimes turn reddish, recovering the 
original color on cooling. 


Some of the colors which are (juite ])ermanenl on tc'Xtiles j)rovc 
decidedly fugitive in .stearic acid, and when a mixture of yellow and 
brilliant green is u.sed the latter fades more rapidly than the former, 
leaving ugly greenish-yellow colored candles. 

Good i*c.sults arc obtained with the following: 

Red.—Sudam IV'., rhodamin, flexin, ro.se bengal, and fuchsin. 
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Yellow.—Chin{)lin yellow, auramin “Wderin.” 

Green.—Victoria green, acid green, and a mixture of victoria 
blue and chinolin yellow. 

Blue.—Victoria blue, methyl violet, and indulin. 

The use of aniline colors in beeswax is very similar to that in 
stearic acid. 

Paraflin and ceresin, being inert bodies, have different solvent 
action, but for the small (juantityof dye emjjloyed there is no prac¬ 
tical difference. • 

Candle-moulding Machine.—The modern candle-machine is a 
device for the more eflicient utilization of the old tin-mould origi¬ 
nally used for .tallow candles. The 
j)rincijjle of the original device, Fig. 

183, persists with no modification 
from the date of its conce])tion in the 
fifteenth century. Utilization of the 
wick, as of old, is conttnuous, the 
im])roved feature's of the modern ma¬ 
chine being in the greater number of. 

, . Kio. iS’,.—Hand ('andlc-mould. 

candles moulded at a single o])eration, 

from 24 to 360 and more according to their size, and the rapidity 
of oi)eration. Although the develo])ment of the j)rcsent machine 
through a period of four centuries has been slow, the ingenuity 
e.\j)endcd lias been by no means slight. Jts slow growth, with 
successive a])plications of ingenuity to its various parts, eliminates 
the element of individuality from the modern candle-machine 
(vide ])age 445), and leaves undisturbed the repute of Sieur de 
Brt'z, the originator of the cantlle-mould. I'liis repute in turn is 
not unassailable, for the hands sha])ing the })lastic material of the 
primitive dip was the first mould. 

The candle-machine consists essentially of a series of vertical 



cylinders with the to})s terminating in the bottom of a .shallow 
tray. Each cj’linder, or mould, contains a hollow piston the head 
of which moulds the to]) or tip of the candle, the cylinder and 
movable j)iston-head, therefore, forming the candle-mould (Fig. 184). 
Through the movable i)iston is inserted the wick wound on spools 
inserted horizontally on spindles below the board forming the lower 
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attachment of the j.i’ston, and to wliich motion in a i)erpcndicular direc¬ 



tion is transmitted by means of a rack and 
jn'nion. The series of vertical cylinders, vary- 
mg in number from 24 to 360, arc surrounded 
by a charnljcr through which they may be 
said to ])rojcct and fitting tightly at the 
top and l)ottom. This chamber is suit- 
a1)ly connected with steam and water for 
the ])urposc of heating the moulds pre- 
j)arat{)r}’ to the introduction of melted 
candle-stock and for cooling the moulds 
when filled. 

Construction.—Referring to the candle- 
machine shown in Fig. 185, the machine 
consists of a stout iron frame A A', sup¬ 
porting a metallic box or chest B, con- 

... 

laining in this instance 2^0 vertical candle- 
moulds whose u])per ends ()])en directly 
into a })air of horizontal channels, into 
which the melted stock is j)oured. These 
moulds are trawTsed by tubular pistons C, 
attached to a common follower D, which 
is rai^c'd and iowc-red by racks EE', the 
])owcr being appliecl at crank G. The 
u])])er ends of the ])istons are conical, to 
imi)art the usual ta])ering tip to the candles, 
and each ])islon has a wick })asscd up through 
it, the various wicks being wound upon 
spools, or bobbins, H, situated at the base 


Fui. iS.}.—Simple (.’‘anrlli-- 
niMuld. 


of the machine. J and K are removable 
racks in which the moulded candles are 


clam])ed. M is the overflow for cooling-water. The system of 
]n'j)ing to provide steam and water for heating and cooling in 
machines of this type is shown in Fig. 181. 


Referring to the 96-mould candle-machine shown in Fig. 187, 
a difference in construction frtmi the tyj)e shown in Fig. 185 may 
be seen. In this machine a double-mould chest is used which is 
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a feature of practical value; in event of feakagc«of the mould-chest 
the entire machine need not be shut down, this feature ])ermiltin‘i 
one side or one half of the machine to ])e used continuously no 
matter \vhal may occur to any moulrl or part of the machine. 



Fir.. T8q.— 2 .io-mou!d ('andli'-miichine. 

Machines of this type are shown sc-t u]) in series in Fij:;s. 182 and 
186, the arrangement of the feed water and steam-])ipes and of the 
common discharge'-jiipe for hot water being determined by jjractical 
considerations of location and sjiace available. A 360-mould machine 
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of this type is also sliown ifi Fig. i88. The construction of the mould- 
box in this manner ])rovides a two-sided or double machine which 
permits either side of the driving-board operating the pistons to be 
raised at pleasure, giving at once the elTect of two separate machines 
and permitting repairs to be made to either side without disturbing 
the working possibilities of the other. 

The mould-box in the single-box machines is a stout casting with 

€l 

a trough at each side to receive the overflow, the box and troughs 
for'ming one casting. In the double-box machines the boxes arc 
cast se])arately and the overflow discharged through a pipe. The 
mould-box varies in size according to the length and number of moulds. 



I'lc.. ].S(). —Steam and Water t'onneitions of Caiidle-inaeliints. I'oiil)le ])ox type. 

The moulds constitute the most vital part of a candle-machine. 
They are arranged ])er]>endicularly in the mould-box in two sections 
and in parallel rows. In the single-box machines the head of each 

mould is screwed into the trav that covers the mould-])Ox and the 

* 

lower end is secured l>y a shoulder and washer on the inside and 
a nut on the outside. 

In the double-box machines the mould is attached to the top and 
bottom i)lates of the box in such a manner as to also serve as a stay- 
bolt. The moulds are cast of a high-grade tin and their interior 
is given the finest jiossible finish. A polish is thereby imi)arled to 
the candles, doing away with the necessity of using a polishing- 
machine. 

The mould illustrated in Fig. 184 may be easily removed in the 
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following niannt-r: Rc-movt* iht* piston by l*)oscnin^ ihc bolls of the 
lower rack. After taking ofT the nut from the *boUom, insert in the 
top of the mould a conical i)iece of wood about 15 inches long having 



Fin. 1S7. —(>r)-inoul(l Combination Candlo-marhine. 

an iron or wooden ])in ])iercing it at the large end to .serve as a handle, 
d'a]) tile end of this tool until it wedges sufTicientlv tight to permit of 
unscrewing the moiiUl. The new mould can be filled by the reverse 
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Operation. Beforg inserting ihc piston, clean the mould thoroughly 
by means of a rod Covered with a clean soft cloth, otherwise the 
piston-tij) may scratch the smooth interior surface of the mould. 



Fig. jSS —360-mould Multijilc Candle-machine. 


When all the moulds of a machine arc to be removed at one time, 
those at the four corner^ should be first replaced. In such a ca.se 
the four corner pistons should be so adjusted as to bring their tip.s 
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to a perfect level with the lops of the moulds, other,wisc the horizontal 
adjustment of the lower rack may not be retained. The pistons arc 
made of seamless drawn-brass tubing and are .soldered to the tips 
and fjltcfi with a ihinge at the lower end, hy means of which they 
are .secured to thi; lower rack. 

The wicks pass from the spools, or bobbins, through the hollow 
piston into the moulds, the necessary tension being furni.shed by 
the accurate drilling of the holes in the tips. Ample bearing of the 
tij) in the mould is provided. The tij) is the conical part of fhc 
mould that conforms to the tip or top of the candle. 

The strain of raising the ])iston.s falls directly on the lower rack, 
or i)laten, which is the common follower on which the ends of the 
pistons rest. 

The upper racks 'are two wooden contri\-ances that receix’c the 
candles from the moulds. When the lower rack is raised, the j)i.stons 
force the candles upward out of the moulds into them. The upper 
racks consist of a sliding-b(?ard at the bottom and two or more station¬ 
ary n'ceiving-boards. The number of the latter varies with the length 
of the candle a machine is to east, as many as live being neces.sary 
for very long candles. When the* candles are raised out of the moulds 
by the ])islons, they ])ass upward through circular apertures in these 
racks until the shoulders of the candle tips arc slightly abovT the 
sliding board. By the aid of the cam-lever {L, Fig. 185) the sliding- 
board is moved horizontally, whereby the shoulder of each candle 
is brought to rest u])on the sliding-board’s aperture and locked in 
this position. Since the receiving-boards are stationary, the hori¬ 
zontal movement of the sliding board beneath them tilts the candles 
slightly. The aperturt's 01 the receiving- and sliding-boards being 
then no longer in vertical lines, the candles cannot drop down 
through the apertures of the latter. Thus the entire casting is 
suspended over the moulds, locked in the u])i)er racks. The upper 
racks being removable, their bearings simply resting in the tray- 
slots, the ])roduct of the machine is removed by the mere lifting of 
the two racks. The candles are removed from the racks by inverting 
them. 

The horizontal movement of the .sliding-board above de.scribed, 
however, carries the continuous wicks away from the centres of the 
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moulds. Jiut the. wicks'must Ik* rcccnircd l)cforc“ the* next pouring. 
When the up]KT nicks lire* movcfl l)ack in the tniy-slots as far as the 
sliding-board was moved forward tlie wicks an* centred. The 
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slots in the edges of the tray allow the racks to lie moved by hand 
just far enough to briiig the wicks back to the centres (,.' the moulds. 

The following direction^ for operating the ii])jK*r racks should be 
followed: Place them on the machine so that they will rest in the slots 
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in the vertical edges of tlie Irny, l)eing can'fuflbat lh^‘ cani-levcrs arc at 
the outside, as the racks are rii^lifs and Icjls. Ptisli each rack toward 
the rear t-nd of the machine as far as the sk)ts will permit.* Raise the 
cam levers to a i)er])endicular ])o-;ition and turn the crank of the 
machine until the tijjs of the candles are a little above the sliding- 
board; tlu-n ])ress down the cam-levers as far as they will go and 
let down the lower rack of the macliine to the botton, when the 
candles will l)e left fast in the upj)er racks. 'Difn pull the upper 
racks toward the front of the machine as far as the slots will ])erm!t, 
re])eating the o|)eration for each casting. 

'Fhe tray comprises two horizontal channels over the box or 
chest containing the moulds. Into the tray the mati-rial is poured, 
with the upper ends of the moulds o])en. 

The wooden s])ools, or l)obbins, serve to liold the su])ply of wigk^ 
which is continuously furnished to the inoulcK through the tubular 
])istons. 'i'he s])0()ls are free to rotate f)n horizontal ])ins, so ar¬ 
ranged under the lower nfck as not to interfere with each other or 
with the o]}eration of the rest of the moulding-machine. 

Setting Up and Wicking Candie-machincs.—Referring to Figs. 
181 and j82,the machines should hi- set about four feet apart, centre 
to centre, according to tlie size of the macliines and sjjace available, 
the dimensions stated, however, ju'oviding ample room for oj)era- 
tion. The character of the connection.s of the double box type are 
inflicated in Jog. 186. 

'I'o wick the moulds of the machines, elewite the lower rack, by 
turning the crank, until the ti])s of the j'istons are on a level with 
the mould to])S. Rush tlu' double wicking wire through the hole 
in the piston-tip until the looj) ju'otrudes below the lower rack. Put 
the end of the wick through the wire loop and extract the wdeking 
wire, which will bring the wick with it. Tie a knot in the end of 
the wick and jnill down the knotted end of the wick into the tip. 
The first run or casting of candles will be wickless. A jiece of 
thin coj)per wire about four yards long makc's a good wicking wire 
when doubled ^o as to make a long loo]). 

Moulding. 'Rhe imj)ortant considerations of candle-making are 
the temperature of the melted stock and of the moulds, and the 
rapidity and degree of cooling of the moulded candles. Paraffin 
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in ihc pun' stale /:an be healed to 30x3° Fahr. (148.80° C.) without 
affecting its color; but pure stearic acid should not be healed above 
200° F{)hr. (()3.3o° C.), as any greater heat is apt to brihg about 
discoloration. The rigjit temperature for the particular stock 
em])loyed is determinable by experiment. Pure paraffin, as wc ‘11 
as ])arafnn and stearic acid, .should be heated to a temperature 
varying from 163° to 190° Fahr. (73.80° to 87.80° C.), according to 
the mixture used! The greater the ])ercentage of paraffin the 
n(?arer the temjierature may be brought towards the minimum 
given. The water for cooling pure jiaraffin candles iij the moulds 
should be at a temperature of from 50° to 60° Fahr. (10° to 15.50° C.). 
To cool comjjosite candles, warmer water may be employed, the 
degree of warmth de])ending upon the proportion of ])araffin to 
stearic aci<l. It may be accepted as a rule that whenever the candles 
stick to'the moulds it is because the water was too warm or it was 
not a]jj)lied soon enough afti'r the filling of the moulds. 

The moulds of the machine should He heated for ])ure jiaraffin 
wax or com])osite candles to a ternp -r iture apjiroaching their melt- 
ing-])oinl. The moulds being so heated, turn off the suiijily of 
steam, then ])our into the tray sufficient stock to fill the moulds and 
to leave a depth of about half an inch of stock standing in the tray, 
the extra stock being to ])revent the candU's from being hollow 
at the ends by feeding the .shrinkage during the proees-; of cooling. 

.\s soon as the reijuired amount of stock has been ])oured into 
the machine, ojien the water-valve, filling the box as soon as pos¬ 
sible. 

J'araffin and composite materials are prepared at a highi'r degree 
of heat than tallow and stearic acid, and should be cooled more 
(juickly in the moulds. The highly crystalline structure of .stearic 
acid renders it liable to crack if chilled too suddenly, or to crj'stallize 
if chilled loo .slowly, whereby the appearance, if not the structure 
of the candle, is im])aired. Slow cooling favors the formation of 
a crystalline structure, which is a consideration of importance with 
stearic acid, but of less im])orlance with paraffin, and which in all 
cases is to be avoided. 

When the box is filled, if economy of walc'r is desirable, check 
down the water-valve, but at least a slight flow of water through 
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the machine should l)e maintained until the candles are ready to 
draw. Where water is ]>lenliful, however, as* much water as the 
overflow .will carry oil should be admitted into the machme continu¬ 
ously. 

As soon as the stock in the tray commeifces to harden, it should 
be loosened from the ends and sides with a knife or other sharp 
instrument, otherwise it will stick to the tray. When the .stock in 
the tray has become firm, remove it with a scrap^'r especially made 
for that ])urj)ose, leaving the tray perfectly clean and the ends of t^c 
candles smooth in the moulds. If this is jirojierly done, no butt- 
sawing macliine is necessary. 

When the candles arc cold enough to be started from the moulds, 
place the upjier racks on the toj) of the machine, taking care to put 
each rack where it belongs, as the racks are rights and lefts. The 
racks being in their jirojier places, loosen the catches or cam-levers 
until the ai)ertures in the receiving- and sliding-boards arc in a 
vertical line, and when thi‘*is done, the crank of the machine should 
be turned until the candles are lifted by the pistons clear of the 
lower or sliding lioard of the u])})er racks; then close the catches 
or cam-levers and droj) the crank back to its original position, the 
run of candles being locki'd in the upper racks by the closing of 
the catches and the macliine made ready to turn on the steam 
for heating the moulds for the next operation. 

The wicks connecting the candles in the racks and the moulds 
must not be cut until the candles in the moulds are sufiiciently 
hardened to retain the wicks upright. The wicks being cut with 
a long, sharp knife, the upper racks are removed and the tray 
cleaned of the excess stock for the next ojieration. By reference to 
Fig. i()0 the general construction of English candle machinery and 
procedure of operation may be seen. 

Operation of Machine.—Referring to the candle-machine shown 
in Fig. 185, the mode of operation, which is common to all the 
machines illustrated, mav be described as follows: The wicks arc 
first passed up through the tubular pistons C, thence through the 
moulds, and finally secured at the upper ends of the latter, after 
which act the follower D is cither raised or lowered by turning 
die crank G so'as to produce candles of the desired length, the 
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Fig. igc. —Candic-moulrlinw Room. (Price’s Patent Candle Co., Ltd.) 
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follower beinj^ maintained in this positifc)n by properly adjusted 
gauges or stops. 'Phe melted stock is now pour^;d Tnlo the channels of 
box Blit FF' and runs fh’reclly into the ojjcn iippiT ends of tlie moulds, 
llie latter being madt' warm by the. admission of steam or hot water 
to the iillerif)r of the box. The stock d(?scends into the moukks 
until it is arrested by the conical recesses in tlie heads of the ])istons, 
anfl when all tlie moulds arc* filled the sup])ly of steam or water 
is shut off and cold water is admittc'd to the chest for the p«rf)osc 
of cooling the candles, Avhich oi)eration usually lakes about twenty 
minutes. The candles having Ijeen thus cooled and hardened, the 
surplus stock is sj)eedily cut away from the channels, so as to Jcavc 
each candle at liberty.to be rai-ed out of the mould, but previous, 
to doing so, the racks ./ and K are jilaced in ])osilion ui)on the 
chest B. d'hese racks arc* furnished with horizontal boards ha\ing 
circular holes in them, whicli hok-s an* aciuralely in line with the 
moulds and are surficiently large in diameter to admit the candles 
freelv. 'I'hese ])recaulioiT4; having Ina'ii taken, the* o]>erator turns 
the' crank G in siuh a manner as to elevate the follower J) and 
the ])islons atlac1u-d thereto, the result being to force the candles 
out of the moukls and drive them into the racks J aixl K, as seen 
in the illustration. Ikich rack has a slide- which is shifted longi¬ 
tudinally a slight distance by a cam-k-vi-r J., so as to lock or clamp 
the candles there-in, the wick extending tininterru])tedh' from the 
moulds down t('‘lhe spools JI. 'I'he m{)ulded (andk-s being thus 
locked in ])()sition, the follower J) is lowered until it again rests 
u])on the stoj), when the above-described opi-rations are rejteated. 
SuHicient room is left at one end of the racks to allow the melted 
.stock bei'ng ])oured into the channels. Ik-fore the .st-cond run-of 
candles becomes cooled, the wicks of the first run are cut by ])assing 
a sharp knih- horizontally bc-nc-ath the racks, and th(- charged racks 
J and K are removed from thi- box 7 k ('inptied f)f the candles, and 
th(-n n-ttirni-fl to receive the second rtin as soon as they an- hardened 
and (-k-vated in the manner just (kscril)ed. During the cooling 
process the water admitti-d into the chi-st B finds its way out through 
numerous orifices that open into the overllow troughs . 17 , xvhicli 
are fitted with waste pi])es for carrying it away. 

Candle-makers’ Tools.—Candk--makers’ requisites include the 
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swimmer for (lip})ing the material from the kettle; the pouring- 
bucket for filling tfie moulding-machine; the steel scraper for clean- 



Fig. iqi.—^I’ ouring-bucket and Swimmer. 

ing the tray of the excess material, which, however, does not trim 
the ends of the candles; the steel cutter, which simultaneously 
removes the excess material and trims the ends of the candles; the 
steel knife for cutting the wicks; and a standard thermometer. 
The cutter has come into (juite general use, on account of its utility for 
the double purjiose mentioned. Most candles can be thus trimmed 



Fig. 192.—Steel Cutler and .Srraper. 


in the moulds, which docs away with the need of a butt-sawing ma¬ 
chine. It is made to fit the width of the tray-channels, .so that the 
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excess materia^ can be fjuicldy cut away. Pure slcaric-acid candles 
are too brittle to permit of the cutter’s use; so*witli this material 



Fio. i()v—Co'nljined Butt-saw and Wiik-winder. 


the scray>er is em])loyed to remove the excess stock and the butt- 
saw (h'ii^. Kyy) to trim them after they are moulded. Candle-butt 
sawin" macliines are not now so much usi*d ar. formerly, because 
most of the candles can be trimmed in the moulds as just descri])ed. 
This elimination is in itself a decided step toward simplicity and 
economy of manufacture. 

Sizes of Candle-machines.—Candle-machines are rated accord- 


iny? to the number and size of candles ])roduced at a single casting. 
A combination machine will cast candles differing in diameter and 


length and is esj)eciallv constructed to mould a varieJ i)r()duct. 
IJy the use of gauges the j)istons can be adjusted higher in the moulds, 
])ermitting the casting of shorter candles than those corresponding 
to the full length of the moulds. But when there is much taper 
to the mould, or the material becomes very thin from heating, as 
is the case with pure jjarallm, the material will escape by the piston 
if thus adjusted. 

Manufacturers of experience provide a machine for every size 
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of candle they manufacture, ha\'ing learned that k the end it is 
the most econonlicaj plan. There has been great improvement 
in construclfion between the present and the older machines, which 
were of less cu])aeity. The development was to a great extent 
brought about by the demand for machines of greater* capacity 
and strength, together with the introduction of new materials for 
candle-making. Tallow, for instance, is easy upon a machine, 
while.on the other hand, paraffin is severe, and where a machine 
of^ 26 moulds was formerly deemed of sufficient capacity, the de¬ 
mand of to-day is for a 240-mould machine for ordinary sizes and 
for a 360-mould for smaller sizes. The 240-mould machine seems 
to be about the natural limit of a machine for casting candles in 
most general use, viz., from fourteen to four to the pound, and the 
360-mould machine for .-.mailer caiiflles, such as Christmas or toy 
candles not over 7 inches long anrl of an inch in diameter. 

Inasmuch as the highe.st-capacily machines can be operated at 
the same cost for labor as those of small^?r capacity, it is the most 
economical iilan to equip a plant with large machines whenever 
conditions peculiar to each establishment and volume of output 
warrant their use. 144- and 240 mf)uld machines are commonly 
used for casting short, thick candles about 7 inches long and varying 
in diameter from 5 ^o inches, commonly styled coach and carriage 
candles. Special machines are made- for casting large sizes fsce Figs. 
179 and 194) weighing from three to a j)ound to three pounds each 
or more. Such canrlles have heretofore been manufactured by 
the laborious hand jjrocess, which still obtains in many countries. 
As a general rule upper racks are not used with machines casting 
candles above one pound in weight. It would hardly be practi¬ 
cable for operators to handle upper racks full of candles of a 
larger size. Such machines, therefore, are equipped with short 
brass })istons, which raise the candles about 7 inches out of 
the moulds, enabling the operator to remov'e them by hand with 
facility. Being minus u})per racks, some device must be sub¬ 
stituted for holding and centering the wicks. The wicks in such 
machines are held in ])lace by pins that ])iercc the edges of 
the tray opjjosite the centre of each row of moulds. Furthermore, 
the absence of u])jjer racks and the use of short pistons enable the 
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height of such machines to be recluct'd, tliifs facilitating their oi>cra- 
tion by reason of the attendant compactness, 'flic |3istons may 
b(i elevated by rack and pinion as in Fig. 194 or by IcA’cr as in 
Fig. 179 - 



Fig. 104.—3r)-mould Machine lor One-, Two-, and Three-pound Candli-s of any 

Kind of Material. 

Bleaching and Polishing Candles.—For ordinary candles the 
smoothness and ])olish imjtarted to the interior of the tin or tin-alloy 
moulds of the candle-machine sullice to imjtart to the candles a high 
degree of lu.stre and smoothness Exposure to sunlight for varying 
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periods is the comipon method employed to remove any yellowish tinge. 
The polishing-machine consists essentially of two grooved wheels 
mounted on a horizontal shaft before which is located a.feed box 
into which the candles^ to be ])olished are placed. The grooved 
wheels carry the candles one by one from the feed-box past a revolving 
saw which removes the butts and deiiosits them of uniform length uixm 
a bed])late between the rods of an endless frame with linked sides, 
ke])l in motion by cog-whe(‘ls. Over this bedplate they roll under 
a* revolving liulTer moving at right angles to the endless belt carrying 
the candles, which gives them a vigorous brushing from end to end 
and inijiarts to them a beautiful jiorcelain finish as they pass toward 
the end where they roll olT into the ])acker’s box. The best grades 
of candles, as a rule, are stamjied with the name of the maker, and 
in some instances the trade name of the candle, “Comjjosite,” etc. 

Classification of Candles.—Candles are classified bv size accord- 
ing to the number recpiired to weigh a jiound, which is subject to 
great variation according to the dimensions of any given size. In 
Table XXXT, given on the opjjo.dle page, may be seen the relation 
existing between candles of given dimensions and the corresponding 
number required to weigh one pound. 

Candles are moulded in a great variety of shapes, the most 
common shajie being that of a plain cylinder of xarying diameter 
and length. A great variety of ornamental form-; for religious and 
decorative purposes are moulded in numerous prismatic cross- 
sections, as square, triangular, octagonal, etc. They may also be 
moulded longitudinally or spirally fluted. The latter form was 
originally turned in a lathe, but is now made in moulds and in ejecting 
the candles from such moulds the candles are made to rotate. Dec¬ 
orated candles arc of every color, shape, and design. Red, green, 
pink, white, and yellow arc the most popular colors. The decorations 
are made of wax and put upon the candles by hand. The wax is 
colored, so as to give the decorator’s artistic taste the widest possible 
range. Thus there will be red holly-berries and green leaves twining 
around the white Christmas candle. There will be white designs, 
red background, and so on indefinitely. The structure of the 
candle may be modified by longitudinal perforations or channels 
extending the entire length to permit the descent of melted matter 
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in the interior and not to “gutter” on the outside. This necessitates 
the use of material of high melting-point and is adapted only to 
candles of larger diameter than the average. The channelling is 
effected by attaching shafts to the piston-head corresponding in 
number and location to the channels in the candle. The yield of 
candles from a given weight of stock may be considerably increased 
by crutching the melted stock previous to casting, whereby air is 
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inc()r])()r:itc(l and vhc volume occupied Ijy a given weight of stock 
^ is increased. The method of ])reparing the slock prior 
to moulding is analogous to that of floatin'g soap. 
vSuch candlfs are consumed very ra])idly. • 

J^ong ta])ering candles arc made by dipping and 
rolling u})on a marble slab. The base of the moulded 
candle in its finished form is of slightly greater diam¬ 
eter fhan the top; as they are moulded bottom end 
up, this provision admits of their easier ejection from 
the mould. In all ca.ses liy the length of the candle is 
meant the distance from the base to the shoulder. In 
Figs. i(>5 and u/) are shown fhe more common 
grades, forms and sizes of candles made by .Amc'riean 
manufacturers. 'Fhe following tables, viz., XXXII 
and X.X.XIll, relating respectively to stearic-parallin 
and compounded beeswax ciindles, are explanatory of 
Figs. ip5 and 19b. 

Self-fitting Ends. — Candles may be made w'lh 
ta])ering butts to enable them to fit any holder 
either by use of the ta])ering-machine shown in Fig. 
20T or bv the use of additional moulds inserted in the 
fluted or regular candle mould. A ty])e of candle 
of this description is shown in Fig. 197. 'I'he first 
self litting-end candle is attributed to Field, who in 
i86t patented his device for giving candles a conical 
end or butt by moulding. His device has been greatly 
improved upon until at the jiresent time the most 
satisfactory methods for making self-fitting ends is 
by use of individual moulds inserted in the lops of 
the cvlindrical moulds. The use of the.se moulds is 
shown in Fig. 198. It has become a custom to have 
fancy candles made with .self-fitting ends, but the self- 
fitting end is applicable to any kind or style. 

A machine for casting candles with self-fitting 
I'^G 197 -Ko-differs in construction in certain respects from a 
naissanci-Self-rnachine for casting plain-end candles. By a self- 
Candle.^ ^ fitting-end machine is meant one which casts candles 


C \XDLES. 


531 


V 

wilh riljbed iind lapcml c-nds that adjust thcmscU’cs to any aindlc- 
slick ill ordinary use. The extreme end of tfie self-lityng portion 
of the dindle is the least diameter of the candle, excejiting the 
diameter ‘at the tij). It therefore becomes necessary to remove 
the self-i'ittinfjj-end part of the mould before the candles can be 
elevated into the ujijK'r racks. As the distance between the liottom 
of the tray and the bottom of the upper racks in the regular 
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TABLE XXXIIT—“ BEESWAX” (\ANDLES: DIMENSIONS 
OF REPRESENTATIVE SHAPES ANT) SIZES. 


ItloiJi.DKL) “Bekswax” Candles. SelI'-fittinc. Ends. 
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TAr.JJ': XXXIll—M(nJI.DKD “BICESWAX*’ ('ANDLES—6 ’ow/jhmco. 

EaSTKR CiK rASC'lIAI. Candi.ks* 
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Fig. 198.—^Moulding Self-fitting-end Candles. (Price's Patent Candle Co., Ltd-) 
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machine is not sufljcicnt I'o permit of this removal, in‘the self-fitting- 
end machine the uppc?r racks must be elevated to give room for the 



pJG, Kjc). — .Si'If-fiKinjT-cnd C'aridlc-moulclint' Machine. 

insertion of the operator’s hand \v’hen removing and reolacing this 
part of the moulds. The illustrations in I'igs. and 200 show 



































CANDLES. 


the upper racT^s so elevated. A sul)slantial device is employed for 
this ])urj)ose, which elevates and lowers the h)Wer and U])per racks 
simultaneously. As the tension of the wick is in the trp of mould, 
the oy)eration of raising the racks does not interfere with its tautness, 
the ])lay’or looseness of the wick occurring*l)etween the bobbins and 
tile ti]) of the mould. The removal and readjustment of the self- 
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fitting-end jiortions of the moulds are done quite liandily, occupying 
very little time. 

Operation of Self-fitting-end Machine.—^.Vfter the macliinc is in 
position and liic wicks adjusted, insert the self-fitting-end caps in 
the to})s of the moulds and fill the machine with material. When the 
candles have' cooled and the excess stock has been removed, turn the 
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crank jusl cnou^^h to rais(‘ llic self-fitling-cnd caj^s frcim the moulds. 
Remove these eapf- ^Placc the upper racks in position. Raise the 
candles into them and lock them in place. Let down the lower 
rack as far as it will go. J’ull forward the ilat-iron slide on the top 
of the lower rack until K engages with the i)erpendicular rods that 
raise the u[)])er racks. Turn the crank so as to raise the upper racks 
sudiciently to give the operator’s hand room to insert the self-fitting- 
end c;'])s. When the self-fitting-end caps are in ])lace, let down the 
U])i)er racks and i)ull down the wicks, so as to render them taut in 
the moulds. The machine wnll thi‘n be ready for the second filling. 
Never raise the j)istons in <he moulds while the self-fit ting-end caps 
are in ])osition, otherwise the tips will be ruined by bringing them 
in contact with the sharp inner edges of tlie ca])s. 

Dipping.— The manufacture of candles by di])])ing preceded 
the industrial use of the candle-moulding machine, and the procedure 
still ])ersists in the manufacture of candles from material which 
from its charactiT unfits it for moulding. oFoimerly wax candles for 
religious jiurjioses, composed solely of beeswax, were made by 
dipping, the jirocedure and ajiyiaratus for which are illustrated in 
Fig. 202. 'J'he apparatus consists of a vat containing the melted 
stock, which is surmounted by a frame carrying two yiairs of wheels 
from which is hung, by means of chains and balance weights, a rack 
for sujiporting rods, ipKin which are hung the wicks, which are first 
saturated with the melted stock and cooled and subsequently 
dipped and C(X)led until candles of the desired weight are obtained. 
Successive stages of cooling and dipjiing are illustrated in Fig. 202. 
The weight of a given number of candles is determined by regulat¬ 
ing the weights used as a counterpoi.se. 

In dipjiing candles madi' entirely of beeswax, variation in diam¬ 
eter of the candle, clue to rajiid cooling of the wax, is corrected either 
by rolling the candle, softened by dijijiing in hot water, ujion a 
smcKith surface by means of a flat board or by use of shapers 
shown in Fig. 203. These are constructed on the jirincijile of 
scissors and an* jirovided with a .sharp cutting-edge. Large candles 
longitudinally fluted are made by surrounding the middle candle 
with dummies which arc firmly secured to t^ach other by inciyiient 
melting induced by immersion in w’arm water, after which they are 
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shaped. I'he U)ngitudinal ilulc may be transformed into a spiral 
flute by simply twisting uniformly through its jcmtirc length the 
candle made and shaped as described. By mixing beyswax with 
varying proportions of paraflin or stearic acid, or both, it may be 
moulded like the ordinary candle. • 

Unit of Light.— The stanflard candle of Great Britain (also 
legalized in the United States) is the ])ractical unit of illuminating 



Fio. 201.—Marhinc. 

power. It shall weigh one-sixth of a ])()und and burn 120 grains of 
spermaceti ])er hour. The .standard candle of Germany is otherwi.se 
defined: It shall have a diameter of 20 mm., be compo.sed of par- 
aflin, and ])roduce a flame 50 mm. in height. The French .standard 
of light is the Garcel, being the light ])roduced from a lamp of that 
name: 

I Carcel = 9.5 standard candles (English), 

I Carccl = 7.5 “ “ (German). 

In the manufacture of the English standard si)'jrm candle it is 
prescribed * that the wicks shall be made of three strands of cotton 
})laited together, each strand consisting of t8 threads. The strands 


* Hj the Mctropolilan Oils Rfferets, London. 
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^ail be plaited with such closeness that, wh«n the wick is laid upon 
a rule and extendt'd by a pull just sufiicient jLo Mraighlen it, the 
numl)er of plaits in 4 inches shall not exceed 34 nor ftfll short of 
32. Kacft wick sliall be of suitable length and looj)cd ready for 
fixiiu^ in the mould. After having been bleaf hed in the usual man¬ 
ner and thoroughly washed, the wicks shall be steeped in a liquid 
made by dissolving i ounce of crystallized boracic acid in a gallon 
of distilled water and adding 2 ounces of liquid y.mmonia. They 
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are then to be gently wrung or pressi-d till mo.st of the liquid has 
been removed and dried at a moderate heat. Twelve inches of 
a wick thus made and treated shall weigh not more than 6.5 nor 
less than 6 grains. 'J'lie weight of the ash remaining after the burn¬ 
ing of 10 W'icks which have not been steepc-d in boracic acid, or 
from xyhich the boracic acid has been wa.shed out, .shall be not 
more than 0.025 "rain. 

The spermaceti of which the candles are made shall be genuine 
spermaceti, extracted from crude sjierm oil, the product of the sjierm 
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whale (Physeter macro(Vpha!us). il shall be so rcTjncd as to have 
a melting point Fying between 112° and iJ5° Fahr. 

Since handles made witli spermaceti alone are brittle, and 
the cu]) which ihcw form in burning has an uneven edge, it is nec¬ 
essary to add a small ’j)roporlion of beeswax or ])arafrm to remedy 
these defects. It is therefore ])rescribed that the best air-bleached 
beeswax, melting at or about 144° Fahr., and no other material, 
shah be used fo]; this ])ur])ose, and that the proi)ortion of bec'swax 
U) s])ermaceti shall be not less than 3 ])er cent nor more than 4} 
j)er cent. 

'J'he candles made with the materials above j)rescri?)ed shall each 
weigh, as nearly as may bi‘, one-^i\lh of a ])ound, and will be found* 
to answer to the following test: ImmcTse a candle, taper end down¬ 
ward, in water of 60° h^ahr. with a brass weiglit of 40 grains attached 
to the wick by a small ])ic‘C'C‘ of thre-ad. When a further weight of 
2 grains is laid on the l)Utt end of the* candle, it will still float; but 
with a weight of 4 grains it will sink. •.■\s the rate of burning of 
a candle is affected ]jy the* force with which the wick is ])ullecl when 
it is set in the mould, the strain commonly ai)j)lied by an experienced 
maker of candles has been measured and is found to be about 24 


ounce's. 


Method of Determining the Melting-point of the Spermaceti.—As 

the various methods which are used by different refiners of sper¬ 
maceti for dc'termining the mc'lting-j)oint lead to diffc-rent results, it 
must be noted that the- ti'mperatures here given as the limits within 
which the melting ])oint of a samj)le of rc'lined s])ermaceti should 
fall -viz., Ji2° to 115° Fahr. have been found by the following 
method, which is known as the capillary-tube method: 

A small ])ortion of the' s|)C'rmaceti is melted by being jflaced in a 
short test tube, the lowc'r C'nd of which is then ])lungc'd in hot water. 
A glass tube drawn out at one end into a cajfillary tube about 1 mm. 
in diameter is dij)])ed, narrow end downward, into the licjuid sper¬ 
maceti, so that when the tube is withdrawn 2 or 3 mm. of its length 


filled wilii s|)c'rmacc'ti, which immediately solidifies. 


ccjrres])onding j)art of the exterior of the tube is also coated with 


sjKTinacc'ti, which must be removed. The narrow^ ])art of the tube 
is then immersed in a large vessel of water of a tcmj)erature not 
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cxcccfling 100° Falir. The lower end of Ihe lube which contains 

the s|)ermaceli sliould be 3 or 4 inches below the surface and close 

lo the 1)1^11) of a thermometer. 'Fhe \ii»i)er end of the tube must be 

above tlie surface aud the interior of the tul)e mu^t contain no water. 
<♦ . • 

Tlie water is then slowly heated, beinjf at the same time l)riskly 

stirred, so that the tem])erature of the whole mass is as uniform as 


possible. When the ])lu^^ of spermaceti in the tube melts, it will be 
forced uj) the lube by the ])ressure of the water. »'J'he temj)enUiirc 


at the moment when this movement is observed is the melting poiiTt. 
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GLYCKKLN. 


Historical. Glycerin Obtainable from Fats and Oils. Economic 
^ Position of Waste Lye. Waste Lye. Yield. Purification. 
Procedure. Concentration under Atmospheric Pressure. Prin- 
cl])les of Eva])oration. Vacuum Evaj)orators for Waste Lye. 
Evaporatinjj[-])lant. Foster Waste-lye Evaporator. Operation, 
jobbins Waste-lye liivaporator. Construction. Concentrated’ 
Waste l.ye. Operation. Products of Concentration. Utilization 
of Rect)vered Salt. Crude Glycerin. Distillation of Crude 
. Glycerin. Construction of Reheater and Still. O])eration of 
Still. l''xi)an(UHl and Reheated Steam. Products of Distilla¬ 
tion. ("onstruction of Concentrator. Concentration and Utiliza- 
tif»n of Sweet-water. Concentration bf RiPined Glycerin. Clari¬ 
fication of Refined Glycerin. Utilization of Glycerin Foots. 
Garrii^ues Process of Recovcrinf>r Glycerin. Ojieration of ( rude 
Glycerin Plant. Garri.i;ues System. Garriijues Dtmble-efTect 
Evajiorator. Garrii^ues’ lYocess of Glycerin Distillation. Appa¬ 
ratus. Di.stillation of Crude Glycerin, Garri^ues System. 
Joslin Aj)paratus for Distillation of ('rude Glycerin. Operation. 
Yield of Glycerin. Glycerin: Orison; ComjKi.sition; Projierties. 
Nitro-f^lyccrin. Uses of Glycerin. 


Historical.—Scheele in 1779, when j)reparing lead plaster by 
heating olive-oil with litharge, obtained a soluble sweet-tasting 
substance, and later, in 1784, he found that the same substance 
could be obtained from other oils, as well as from butter and lard. 
To this material he gave the name “the sweet j)rinciple of fats,” 
and it afterward bore the name of Scheele’s sweet princi])le or oil- 
sugar. 

Lead plaster is said to have been discovered by the Roman 
physician Menecrates about the middle of the first century, and also 
to have been known to Pliny, who briefly described its uses, mode of 
preparation and application, but nothing was knowm of glycerin 
until Scheele’s day. 
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Later the body was more carefully investigated by Chcvrcul, 
who determined its composition with tolerable exactitude and gave 
to it the name which it now bears. Pilouze in 1836 firsf established 
its formula. His experimental results corroborated Chevrcul’s views 
that the l*ats are ethcr-like compounds of the'fatty acids. Henceforth 
glycerin became the subject of study by Berzelius, Liebig, Bcrthelot, 
and de Luca; but it remained for Wurtz to determine its exact chem¬ 
ical cc^mposition and relation to other bodies t)f tl^ie aliphatic Jicri(\s. 

Scheele published the results of his investigations in a commupi- 
cation which aj)peared in the Transactions of the Royal Academy of 
Sweden in I/83. 

He describes his method of preparation in the following terms: 
“It is not generally known that all solid oils obtained by pressure 
contain a natural sweet principle which dilTers in its special relations ' 
and properties from the other well-known saccahrinc materials 
occurring in the vegetable kingdom. This sweet principle makes 
its appearance when oils of this kind are boiled with litharge and 
water until the whole of the litharge is dissolved by the oil. Water 
is then ])oured uj)on the ‘emplastrum sim{)lex’ thus formed, the whole 
boiled for a few minutes, and on ccx)ling the liquid is filtered off from 
the plaster and Ijoiled until the residue becomes syruj)y.” 

(jlycerin was prepared by this process alone for many years, 
the lead introduced as an imjmrity from the litharge being removed 
before concentrating the filtrate by the use of suljihuretted hydrogen. 
This concentrated filtrate, after some primitive clarification, con¬ 
stituted the glycerin of commerce. Its rajiidly increasing use soon 
demanded its production upon a larger scale. It was known in 
the ])rocess of soap-making that glycerin, liberated from the fat 
in the act of saponification, remained in the waste lye, but efforts 
to recover it from this medium with the extremely crude methods 
em])loyed were unsuccessful. In the meantime the manufacture of 
stearin candles was undergoing important develojiments. Numerous 
jiatcnts were granted for jirocesses for the flecom])osition of the fats 
and the separation of glycerin, as have been noted in the discussion 
of the manufacture of candle-stock. 

In 1847 Sobrero in Paris discovered nitroglycerin. Alfred 
Nobel demon-strated its value as an explosive in 1863, and in 1866 
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invcnlecl (lynamilc, This was followed in 1875 by blasting-gelatin. 
The construction of vast engineering undertakings was greatly 
facilitated l)y the use of these substances, of which glycerin is the 
Ijasis. The increased i^se reacted directly upon the source of the 
raw material and the soti]) trade s{)on came to a jierplexing real zation 
of the increasing value of the j)ro(luct being daily consigned to the 
sewer. 

Wiflh the incre'asing demand for glvcerin, the ingenuitv of those 
rnbst interi'stefl induslnally was directed Avilli renewetl energy to 
its recovcTv from soaj) lyes. , 

During the ])ast twenty years a great number of processes have \ 
been \)atented, all having a common object in the recovery of glycerin 
and salt. 'I'here can be tracc'd a gradual evolution in enicienev of 
])rocedure and a])paratus dedgned to remove the organic matter 
from the lye, to concentrate this clarilied lye, thereby removing the 
greater ])art of the dissolved salts, and to continue the concentration 
until crude- glycerin is obtained, which further remains to be jjurified 
by distillation. 

A great variety of age-nts have been suggested for the removal 
of albuminous, resinous, and soa])y matters; no less vi-rsatility has 
been disjdayed in the variety of methods for the sej)aration of the 
dissolved salts; and in the concentration and further ])urincation of 
the lye there has bc-cn ap])arently no limit to the ingenuity of engineers 
and chemists. 

It is of interest to review briclly the history of the production and 
use of this commodity in the Unitc-d States. It was first made in 
the United Sl;ites in Philadel])hia in 18-17 by Robert Shoemaker. 
Jn 1848 the total amount of glycerin manufactured in this country 
was fifteen ])ouncD. This was obtained by Schec-le’s original 
jirocess from lead jilaster. Domi-stic jiroduction in 1850 increa.sed 
to an annual output of one hundred and fifty jiounds. In 1856 
glycerin was c|uoted at Si.75 })er jiound; to-day the prevailing 
market price is in the neighborhood of 15 cents ])er pound, and all 
soa]) makers’ waste lye is treatc-d for glycerin save where extremely 
limited jiroduction renders rc-covery uneconomical. I'hc modern 
soaj) works has its glycerin plant, wherein are treated not only its 
own lyes but, where conditions make it possible, those purchased 
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from competitors less favorably situated* in this respect. The 
United States e xports no glycerin, the home demaftd being sufficient 
to hold in domestic consumption practically the entire* output, in 
addition an annual European importation of upwards of fifteen 
million pounds chiefly of French origin. With the exception of the 
utilization of coal-tar, no industry presents such a complete triumph 
of ajiplied science over empiricism as does the soai) industry in the 
recovery of glycerin. , • 

Glycerin Obtainable from Fats and Oils. —^I'he more or h'ss 
variabk' comjiosition of fats and oils used as soap-stock, due to the 
varying projiortions, according to their' sources and methods of 
manufacture; of the different glycerides naturally occurring in them, 
forbid any exact statement as to the percentage of glycerin set free 
on saiionification. • The simjilest index of the f|ualitv of any stock 
in this respect is the ])e.rcentage of free fatty acids, it having been 
stated (})age 124) that the jiresi'iice of 10 jier cent of free fatty acids 
is cc|uivalent to a loss of aWiiit 10 jjer cent of the glycerin theoretically 
available. In the table on jiage 124 is indicated the jiercentage of 
glycerin liberated from the various glycerides occurring as constit¬ 
uents of commercial fats and oils. 'J'he ])ercentage liberated in 
practice depends upon the quality of the glyceride body; and the 
])iTcentage actually recovered, which is more x'ariable, depends upon 
the manipulation during sajionification and the efficiency of the 
subsequent treatment for its recovery from waste lye. It is commonly 
estimated in soap-manufacture that the following jiercentages of 
glycerin are liberated in the soap-kettle from the different stock 
mentioned: 

Tallow. y.5 percent. 

Grease. 9.0 “ “ 

Cottonseed-oil. 10.o “ “ 

Cocoanut-oil. 12.0 “ “ 

Palm-oil of good quality is comparable with grease; neutral olein 
stock, as olive-, corn-, and peanut-oils, is comparable with cottonseed- 
oil, and ])alm-kernel oil with cocoanut-oil. U'he percentage of 
finished glycerin obtained from waste lye is subject to great variation 
not only in different establishments according to the method of recovery 
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used, but for different pferiods in the same ci^tablishment according 
to variation in the quality of stock used, its treatment in the kettle, 
and to the' efficiency of methods employed for its rccov^ery from 
waste Ive. 

' . . . • . 

Economic Position of Waste Lye.—Waste lye as a by-product in 

the manufacture of soap has become of increasing value with each 
succeeding year, not because of ai)])reciation of the price of glycerin, 
for \lith increasing consumption of this commodity the price has 
declined without the de})ression of overproduction, but because of the 
imperative necessity on the part of the soap-manufacturer to recover 
in a once more than useless product an essential raw material of the 
industry and to produce as advantageously as possible a valuable 
article that may bear some of the burden arising from the shrinkage 
of profit on soap. 

The commercial utilization of waste lye by individual soap- 
manufacturers depends primarily ujion the (quantity produced. With 
limited output and ready access to a refifiery its sale to a competitor 
()])erating a plant for the recovi-ry of glycerin is most economical. 
With larger output and under conditions jieculiar to each works, 
the jiroduclion of crude glycerin rejiresents an advance in jiroductive 
independence. The utilization of waste lye for the jiroduction of 
glycerin of dynamite refined (piality is carried on most successfully 
by those manufacturers whose outjnit or other sources of waste lye 
are sufficient to reijuire not only the continual operation of the plant 
but its operation u]) to its fullest cajiacity. Fixed charges and depre¬ 
ciation of jilant, the most imjiortant factors entering into the cost 
of glycerin, are thus rerluced to a minimum. 

Waste Lye.—In discussing the manufacture of settled soap 
we found the first yiroduct of the ])rocess was the stock lye and at 
a later stage the strengthening lye, which was worked over with 
fresh stock to remove the excess of caustic alkali. Where rosin 
is killed, as in the manufacture of rosined soap, an extra waste lye 
demanded consideration. The various methods of kettle practice, 
notably withdrawing the stock and rosin lyes with strength and 
then treating them with fresh stock for its removal; or withdrawing 
them neutral and discharging at once to .storage-tanks; or with¬ 
drawing the stock lye neutral from stock killed with i5°-i6° Be. 
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caustic lyc, the intrrtcluciion of a pickle ‘change to wash out the 
mechanically retained glycerin and the dischaTge to the sewer of a 
neutral ^osin lye, were discussed. The relative advanfages of the 
different Inethods of kettle ])racticc become apparent on considering 
the by-products of soaj)-lx)iling from the standpoint of their utiliza¬ 
tion for glycerin. With the slock lye withdrawn wn’th some strength 
which is not recovered, sa])oniricalion may be comj)lete, yet in the 
waste lye may remain a residual ix-rcentage of unvsed caustic (vhich, 
although small, may amount in a year’s operation to a very consider¬ 
able (juantity. Not only is there a direct loss of caustic, but the 
necessity of neutralizing the same with acid ])rei)aratory to the 
recovery of the glycerin ])resent involves a double ex])ense. In 
ordinary practice it is im])or>sible to withdraw neutral lyes from 
settled soap made'with the grade of caustic usually emj)loyed, viz., 
74 ])er cent. The greater ])arl of the alkalinity of the waste lye 
is due to the carbonate of soda which has been carried throughout 
the process as an inert afld useless ingredient. It is true that car¬ 
bonate of soda can combine with fatty acids present in all animal 
soa])-stock, but that function is prc‘em])ted by the more energetic 
hydrate. 

With waste lye reduced to the lowest ])racticable degree of 
alkalinity, viz., 0.4 i)er cent (cMimated as NaOH), it is transferred 
to storage-tanks to cool, whereby any soaj) dissolved may separate 
and heavv im])urities sub.-.ifle, whemee it may be drawn directly to 
the evaporator for concentration, \yhere waste lye is inirified 
previous to evap )ration, if free from soajiy milter it may be treated 
at once and after lillralion is ready for evap iration. The simjile 
chemical and physic.il characteristics of a waste lye reveal as do 
those of no otluM' jirodiict of the factory the (juality of the raw ma<erials 
used and the skill, cm])loyt‘(l in their transformation. 

Whether or not a waste soaj) lye is all that is to be desired depends 
entirely upon the point of vii'w, whether we consider it as a waste 
profluct in the ketlie room or jirimarily as a raw material in the 
glycerin refinerv. Moreover, the (jualily of the stock used in the 
kettle determines the (piality of lye run olf. From the soaji-maker’s 
point of view all lyc-s, except the strengthening lye, should be free 
from caustic alkali; should contain no soaiiy matter whatever; 
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should not contain an afnount of salt in excess of that required to 
satisfactorily grain the soap, and should possess a color that indicates 
the thoroug'nness of the change from which the lye results as a 
purifying process. ^ 

The glycerin-refiner would be pleased to have a lye so free from 
organic impurities that glycerin fools would never disturb the even 
tenor of the refining jirocess. But such conditions are impossible, 
the glycerin-refineff accejiting such material as is delivered to him; 
while it is the constant endeavor of the soaji-maker to eliminate 
from the soap throughout the process of boiling as much of the 

(I 

foreign organic imjiurities as is possible. In so far as the recovery 
of glvcerin from such lye is concerned, it may be asserted as a general 
princijile that the greater the inferiority of the slock used in the 
manufacture of soa}), the greater will be the cost of the recovery of 
the glvcerin present in the lye, not alone because of the presence of 
the high ])ercentage of foreign organic matter necessary to be 
removed, but also because of the decreased yield of glycerin from 
such stock. 

There are submitted in the following taViulation some character¬ 
istics of a number of waste soaj) lyi's jiroduced in as many soap 
works ojierating in the eastern United Slates. Their examination 
reveals diver.se conditions of jiroduclion, and esiiecially discloses the 
fact that the smaller concerns manufacture in a manner contingent 
upon lack of skill and experience and an inferior (juality of product. 

These five lyes, whose, characteristics are tabulated below, 
do not ])ermil of themselves of deductions of gc'neral application, 
but they do in a measure ser^•e to illustrate certain general ideas 
which familiarity with many other lyes jjroves in the majority of 
cases to be correct They have been arranged in the order of their 
color, the palest being fir.st and each succeeding one ])ossessing a 
deeper color than the j)receding. Were the composition of the 
lyes uniform the color would be an index of the expen.se of the 
recovery of the glycerin. As the organic matter is removed from 
the lye with much more difficulty than the inorganic, a larger pro¬ 
portion in .qiile of the jireliminary purification remains to con¬ 
stitute the “foots.” ]t will be noticed that as the depth of color 
increases, the quality of the lye as a source of glycerin diminishes. 
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Naturally this observation docs not ajpply correctly to a con¬ 
centrated lye, but with unconcentrated lyes fr»m* settled rosin soap 
a statement of general application may be made to tht^ effect that 
the colory)f the lye indicates the quality of the stock used, and as 
the color arises from the natural inferiority of the stock, it further, 
but less reliably, indicates that the darkest unconccntratcd lyes 
possess the least value as sources of glycerin. 


TAMLK XXXFV.—(’OMPOSITION OF WASTE SOAP LYES. 



'J'he ])ercenlage of glATcrin occurring in a waste soaj) lye is 
naturally affected by the dilution. Lye No. i of the above table 
is a high-grade soaj) lye, re])resenting in its c()m])osition a high 
economy of o])eration with good nali\e slock. 

Lyes Nos. 4 anrl 5 contain an excessive quantity of free alkali; 
0.7;^ ])er cent of XaOH represents a weight of 7641 j)ounds of 74 
per cent caustic in 1,000,000 ])Ounds of lye and is eriuivalent 
at the current ])rice of caustic of this grade to a loss to the soap- 
maker of $308 per 1,000,000, pounds of slock. .\s conditions 


would hardly warrant the nrovery of this jiercentagc of alkali as 
.soaj), a direct outlay of not less than $ii,s f^’i' neutralization alone 
is made necessary in the initial step for the recovery of glycerin. 

Yield.—In the manufacture of settled rosined soap the distri- 
bution of the total amount of lye produced during a boil dejiends upon 
factors SI) variable as to ])rohibit any accurate statement as to a defi¬ 
nite percentage distribution. The volume may be estimated after 
each change by the de])th of subsidence of the soap in the kettle. 
The i)ercentage of the total lye ivithdrawn diminishes with each 
succeedi ng change. 

With the highest economy of operation in the manufacture of 
settled R'sined soap the minimum yield of Avaste lye per pound of 
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glyceride stock is about 2.31 pounds, this yield being equivalent 
to 700 gallons per day from 1,000,000 pounds of stock per annum. 
This yield* will be alTecled by the percentage of rosin jised and 
the nature of the kettle jiraclice. | 

The element of varialiility entering into calculations of this 
character is patent to every one [lossessing a knowledge of the 
industry, but with a jiroduct of uniform quality, conditions contin¬ 
gent ‘ u])on prodvetion are sufTiciently constant, especially when 
viewed through the ])erspectiYe of a long period to make similar 
figures trustworthy for any particular estalilishment. 

In the various transformations occurring in a boil of settled soap 
I ])ound of 74 ])er cent caustic will iiroduce in wti.ste lye an equiva¬ 
lent of 12 to 14 ])ound.s. This is a ])rop:)rtion tliat likewise admits 
of extreme varialiility, not only with each wf)rks but with con¬ 
ditions prevailing therein during etich boil. 


Purification. Waste soap lye- as run from the* soaj)-kettle con¬ 
sists of water containing in .solution glycerin derived from the fat 
from which the soa]) has been made, chloride of .sodium which has 


been used for graining the .soaj), and a varying .small [)roportion 
of free alkali, usually in the form of .soflium hydrate or carbonate 
and .soaj)}-, resinous, and albuminous matters, some of these lattei 
being held in suspension as well as in .solution. \ arious pn)ces.se.s 
have been devi.sed for removing the im])urities and nroverintr the 
glycerin and salt as u.seful and valuable products from the soap Ive 
Such })r()cesses have consisted of ste])s relating on the one hand" to 
the removal or neutralization of the fre(‘ alkali jjre.S'cnt in the lye, 
and on the other hand to the removal of the organic imf)urities 
therefrom, leaving fi.jally a ])urii'ied solution consi.sting of water 
glycerin, and salt, from which the wati-r is eliminated by vaporiza¬ 
tion and the glycerin and .salt thus recovered. The neutralization 


of the alkali has usually been effected by the afldition to the lye of a 
suitable acid until the neutralization j)r)inl is reached, and the product 
of this reaction remaining for the lime being di.s.solverl in the lye 
is afterwarrl recoverc-d therefrom in the form of a salt—for in.stance 
chloride of .sodium in the case where hydrochloric acid has been 


u.sed for such neutralization, or as suli^hate of sodium in the case 
of sulphuric acid havinu been employed. 
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To remove \he organic impurities frona the lye, recourse has 
been had to means for rendering such impurities insoluble, so that 
they could be removed by precipitation or filtration. The means 
employed^to render these impurities insolulde have been, on the 
one hand, the addition of acids which thre'^' them out of solution, 
and on the other hand the addition of certain metallic salts which 
were cajiablc of forming insoluble metal-fat comiiounds, while in 
either case the albuminous impurities arc coagulated and precipi¬ 
tated when the lye is brought to the neutral condition. 

Procedure.—The impurities of waste lye com])rise organic 
matter, chiefly albuminous matter from -slock and highly colored 
resinous bodies from rosin, and inorganic matter as sodium hydrate 
and sodium carbonate, the former of which should have been com- 
])!etely removed in the soa])-kettle and th(' latter representing im- 
j)urity which is associated in varying degrees, according to its quality, 
with commercial caustic. If the lye has not been cooled and settled, 
more or less soajw matter *vill be in solution or sus])ensi()n, or both. 

PurTication consists in neutralizing the alkalinity, decomposing 
the soa])y matter, and coagulating the albuminous matter, for which 
purpose mineral acid, either hydrochloric or sulphuric, and crude 
basic persuljjhate of iron (cliemical sand) are commonly used. 
The waste lye is tested for alkalinity, and if ver\- slight, the iron 
salt alone may be used for neutralization; if considerable, the 
alkalinity may be reduced to a slight amount with acid and the 
remainder neutralized with the iron salt. The ])ro])ortions of acid 
and iron salt used in neutralizing are three-fourths of the alkalinity to 
be neutralized by acid and the remainder by iron salt. The aj)- 
paratus emplo)Td for ]}urirication is shown in outline in Fig. 204. 
It consists e.ssentially of .sheet-steel tanks of .suitable capacity pro¬ 
vided with oj)en steam-])i])es on the bottom for heating, a jet for 
the introduction of air for agitation, a tub for mixing the iron salt 
with water from which it is discharged by gravity into the mixing- 
tank, a i)ump for forcing the heated lye treated with iron salt and 
acid through the fdter-press, from which the filtrate Hows into the 
adjacent tank. The process of purification is com])leled by the 
use of another tank of corresponding cai)acity surmounted by a 
second but smaller filter-press. As a result of the first treatment 
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the alkali is neulralizedt and converted into chloride and sulphate 
according as the a<:.id^used is hydrochloric or sulphuric; soapy mat¬ 
ter has beep decomposed and albuminous mailer coagulated. Dur- 
ing mixing and filtration the lye is healed and agitated, v/hcrcupon 
filtration being complete, the impurities remain as solid cakes in 
the filler press, and the filtrate clear, and if possible colorless, in 
the adjacent filtrate-tank. The filtrate should be very slightly acid, 
which is neutralized by the addition of dry soda-ash in calculated 
amount and thoroughly mixed, whereupon the lye is again filtered 
and should flow from the press, clear and colorless, free from organic 
matter removed by the first treatment, and free from’soluble iron 
salts and any soluble coloring matter that may have escaped th[‘ 
first treatment. The purified w^aste lye is now ready for evapora" 
tion. An arrangement of waste-lye treatment-lanks with filtcr- 



Fig. 204.—Arranj^ement of Wastc-lyc I'rcatnii-nt-tanks. 

ress is shown also in Figs. 207 and 216. In Fig. 35 is shown a 
similar equipment designed for the filtration of cottonseed-oil. 

Instead of the basic ferric sulphate (iron salt) any of the alums may 
be used as the coagulant. The iron salt commonly called “chemical 
sand” is made essentially as follows: An iron ore analyzing 50 per 
cent of iron oxide, or its equivalent of alumina, is dried, reduced 
to powder and mixed with proper proportions of 60° Be. sulphuric 
acid previously heated to about 300° Fahr. After thorough and 
rapid mixing the mass is dumped from the mixing vessel upon an 
iron floor where the reaction continues and the mass solidifies; 
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whereupon it ia broken up and heated in^ a revolving drum at a 
temperature of 380° to 500° Fahr. During the first treatment the 



Fig. 205.—Single-roll Film Evaporator. 


iron ore and acid enter into partial combination; during the second 
treatment a persulphate is formed by combination of the free ore 
partly with free acid and partly with the acid sulphate formed 
during the first treatrrient. During the second treatment heating 
is continued for several hours, according to the temperature and 
([uantity of the mass treated. Thi‘ jiroduct is a somew^hat basic 
persul])hate of iron, with more or less free acid, and is readily pul¬ 
verized by reason of its softness. 

Concentration under Atmospheric Pressure.—Concentration of 
waste lye may be effected in open tanks provided with a closed coil 
wherein either live- or exhaust-steam may lie used. This procedure 
is the least efficient of all methods of evaporating the surplus water 
from waste lye. The degree of concentration is determined pri¬ 
marily by the steam pressure availal)le*and can never economically 
be carried very far. Where the volume and quality of waste lye 
and cost of fuel warrant, an advance in efficiency would be repre¬ 
sented by the use of a film evaporator, single- and double-roll types 
of which are shown in Figs. 205 and 206, and which consists essen¬ 
tially of a shallow-iron vat on which are supported respectively one 
and two hollow cylinders, geared in the latter case to revolve in 
O|)])osite directions, as indicated by the arrows. Steam is suitably 
admitted into both cylinders and the level of waste lye is constantly 
maintained, as indicated by dotted line. The liquor is drawn up 
and over the cylinders in a thin film, and when saturation ensues 
solid matter.is removed from them by means of scrapers. The 
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concentrated ])ro(lnct is,drawn off l)y gravity from’the l)ollom of 
the vat. As evident^ from the construction of this ty])e of evaj)o- 



rator, separation of salt and furlhi-r <onci'iilration of tiie ])niduct 
cannot proceed satisfactorily. 

Principles of Evaporaticn.—Thire waler at too® C. (212° Fahr.) 
l)()ils, or gives olf va])or of the same ju'essiire as that of llie surrounding 
atmos])here. At atmosi)heric ])ressure the boiling ])oint will rise 
accoi'ding to the amount of mailer in solution and will corri-spondingly 
increase as tin- dt-nsily of thi- Jif|uor increases from loss of water 
by evaj)oration, i-e(|uiring ifu'refore not only a greater amount of 
heat to I'aise the temperature of the solution to llu- boiling ])oint than 
wlien y)ure, but increasing a])])lication of heal to maintain the 
solution at a boiling temj)erature as its density increases from evajTora- 
tion. Regnaull (“stimated that the quantities of lieat contained in 
equal weights of water and aii at the same tempi'i-ature are in the 
ratio of q.2T : t.oo; or that the heat which is liberated whc'ii water 
cools down to too® C'. (2t2® Fahr.) is sulTicient to raise the temjx'ra- 
tui'e (*f 4.21 times as much air to the same extent. Jn ])assing into 
the state of va])or water absorbs 5.36 times as much heat as is 
recyuired to raise its leinjuTature fnnn o® C\ to 100® ('. (32° to 2T2° 
Fahr.), and this (juantity of heat biromes latent, i.e., it ])roduces no 
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increase of tcrnpcralurc in the steam, and therefore is not indicated 
by the thermometer and becomes sensiblP only when the vapor is 
condensed. I'hus one pound of steam at ico°*C. (212° Fahr.) in 
condensing to form boiling water will yield sufi'icient heal to raise the 
temjH-raVire f)f 5.3b pounds of water ( or 4.21 X5.36 = 22.6 pounds erf 
air) to 212° Fahr. 

Various devices have been introduced to utilize most elTiciently 
this convenient store* e)f heat. 7 'he intluence e)f re*eluced ])ressure 
uj)on the boiling-pe)int e)f water is shown in the fallowing tablt: 


'J'he temj)erature of wate-r be)iling at atme)spheric pressure is 212® 
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Other li(|uids folle)w a similar rule but have elifferent ne)rmal be)il- 
ing-j)()ints. Thus it is e-le-ar that in a single vessel in which vary¬ 
ing (li'gre'es of vacuum are maintaine'd aeiue’ous solutions may be 
boile-d and therein’ concentrateel w’itl\ incre’asing elliciency as the 
vacuum is incre-ased. It is likewise apparent from the'se facts that 
if in several vessels there are different degrees of vacuum ])roduced, 
we can have a descending scale of boiling temi)eralures so that 
vapor of com])aratively low temperature can be utilized as it is 
jmxluced. The different boiling ])oints of a lirpiid under dilTerent 
pressures can be directed toward greater efliciency than is possible 
in a single vessel by making the vapor given off in boiling the con¬ 
tents of the first vessel at a certain jiressure form the heating agent 
of the li(|uid boiling in the second vessel at a lower jiressure, the 
vapor from this second vessel forming the heating agent of the 
third, and so on. 
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This principle governs all forms of what are known as multiple 
effect evaporators. ^ In such an a])])aralus the latent heat of vapor of 
liquids l)oiling under a low vacuum is used to boil a second vessel 
working under a higher vacuum. The usual limit to this sj stem is 
four ])ans, thus utilizing latent heat four times and reducing the 
fuel to nearly one-fourth of that reejuired for ojjen evaporation, or 
single effects. 


With li(|uids liable to injury by heat the total variation in tern- 
j)erature available'under ordinary conditions is that between the 
t(“!h])erature of steam at 5 ])ounds ])ressurc (227° I''ahr.) and the 
temj)erature of a solution at 30° lie. ))oiling under a vai,.uum of 26" 
(131° Fahr.)—a total of g()° Fahr. Witli a tri|)le effect, or three, 
vessels, there is .steam at 5 j)ounds ])ressure in the drum or shell of 
the first effect and the li(iuid in the tubes (at atmosjdieric ])ressure) 
boils at 227° Fahr., giving off vapor at 212° Fahr. 'Phis va])or at 
212° Fahr. pa.sses into the shell of the second effect and boils the 
licjuid in the tubes of this effect under 14" vacuum, giving off vapor 
at jOi° Fahr. This again passes to the shell of the third effect and 
boils the licjuid in the tubes under a vacuum of 26", the bo'Mng- 
point of this licjuid (suj)j)osing it to be a conc'entrated solution of 
30° lit^) being 131° Fahr. It is a j)oint worthy of note that when the 
licjuid is a solution of solids in water the vaj)or will always be at 
the temj)eraturc of boiling water at the j)rc‘ssure to which the licjuid 
is .subjected at the time, while the licjuid itsc'lf will be .slightly warnier; 
the total difference of temj>erature in concentrating licjuids liable 
to injury by heat being, as'alrc-ady mentioned, c;(j° Fahr. While 
the amount of heat transmitted through the tubes (and therefore the 
work clone) is j)ractically j)roj)ortic)nal to the cliffercmce in tem|)era- 
ture, it is evident that the same work is done whether the whole of 
this difference is in several ves.sels or in one \e.ssc‘l. In other words 
a double, trijjle or quaclruj)lc‘ effect can only do the work of a single 
effect the size of the first ves.sel of the multijile effect, but it does it 
with one-half, one-third or one-ejuarter of the cjuantity c)f steam or 
fuel resj:)ectively. 

Vacuum Evaporators for Waste Lye.- - Kvajioralors designed for 
the concentration of waste lye in variw by means of steam as 
a heating agent may be divided according to the number of ve.ssels 
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in which vacuum is maintained and evapwration takes place into 
single effects and multiple effects. Multiple effects of more than 
t\v() vessels for the concentration of waste soap lye hav<f not been 
demonstr^ed to have any materially greater elliciency. According 
as the vessel containing steam surrounds* the vessel in which 
vacuum is maintained and cvai)oration takes place, or is 
in the vessel in which vacuum is maintained and is surrounded 
by the liquid to be concentrated, singlc-ei^ect evaporators 
may be divided into two general classes. The first class is 
represented by a steam-jacketed and insulated evaporator 
shown in Fig. 207. The second class ’of evaporators, the dis- 



Fig. 207.-—Crude (Jlyceriti Plant with Steam-jacketed Evai)orator. 


tinctive feature of which is the introduction of the steam-chamber 
into the vessel in which vacuum is maintained and which is sur¬ 
rounded upon all sides by the licjuid to be concentrated, may be 
subdivided into two classes, according as heat is aj)])lied, in the 
form of steam from the t)utside or inside surface of the tubes of the 
st(‘am-chamber. Evaporation from the outside surface of the tubes 
of the steam chamber i>. re])resented in the type shown in Figs. 208 
and 209 which is well ada])led for arrangement in multiple effect 
for the concentration of purified glycerin and caustic-soda solution! 
in the latter case when the soap-manufacturer prepares his own 
caustic soda by the causlicization of soda-ash. For this purj)ose 
all the forms of evaporators described are ecjually well adapted. 
Evaporation from the inside surface of the tuljc's of the steam- 
chambers is represented by the Foster (Fig. 210) and Jobbins (Fig. 
211) evaporators. 

Evaporating-plant.—The mechanical equipment of a plant for 
the concentration of waste soap lye comprises essentially an evapo- 
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rator, which may be eff any of the types mentioned; a supply of 
water for the co*ndensation of va])or an l its remo\al either b;' a 
simj)le ejf'Ctor (Fi<;. 207) or by a wet-air vacuum-pum]), tanks 
for the treatment of waste lye; a filler-press and a s^irage-tank 
for the clarified filtrate; tanks for the storage of the concentrated 



product, called in its final concentrated form crude glycerin; a 
suitable filter for the separation of the solid and liquid products 
discharged from the evaporator; suitable ])umps for the agitation of 
waste lye, for forcing it through the filter-jircss and for operating 
the salt-filter located to one side of the evaporator and beneath its 













Fig. 209.—Triple- and Single-etiect Evaporators for Glycerin and Caustic Soda. 
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discharge door; and finally steam at 8o pounds pressure for heating 
the waste lye preparatory to filtering, for operating the air-pump 
for the agifation of the waste lye, for operating the filter-press pump, 
for supplying heat to the evaporator, and for operating tho vacuum- 
pump and the suction-pump of the salt-filter. The procedure of 
operation varies not only with each type of evaporator, but to a 
greater or less degree in each plant wherein an evaporator of the 
same type is installed, according to the steam pressure available, 
the quantity and purity of the waste lye and the judgment and 
experience of the attendant. 

Foster Waste-lye Evaporator.—This type of evaporator for, 
concentrating and recovering crude glycerin from waste lye and 
recovering the salt from the same during concentration by single 
or multiple-effect a])paratus working under vacuum is shown in 
detail in F ig. 21 o. 

"J'he im])rovemente comprise a comliination of evaporating-plant 
and drawing-off valves and filtering ancf drying appliances. 

Fig. I of Fig. 210 represents a sectional side elevation, and 
Fig. II an end view of the concentrating apparatus, while Figs. 
Ill and IV are horizontal .sections as taken on the lines 3-3 and 
4-4, respectively, of Figs. I and II. 

Referring to the various figure numbers of Fig. 210, the evapo¬ 
rating-vessel F, into which the l>es to be treated are supplied, is 
fitted with a steam-drum F', in which arc tubes for the liquor to cir¬ 
culate through; the bottom cover F- of the evaporator is formed 
of a downwardly-sloping angular .shajie toward one side, so that 
the salts which are precipitated are swejit down into the filter A 
by the rapid circulation of the licpior under treatment. Ports F^ 
are formed on the heating-chamber of the evaporator, and the 
vapor-supply pipe / is carried down to alxmt the centre level of the 
heating-chamber, by which a most perfect distribution of the vapor 
and circulation of the liquor under treatment are obtained. 

A valve-chest B' is fitted with a valve B and is located between 
the bottom cover F' of the evajiorator and the filtering-vessel A, and 
two of these are preferably used in connection with each evaporating 
vessel, so that the one is alternately shut off while the other is work¬ 
ing. This filtering-vessel A is fitted with a sight-gla.ss E at its one 
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end to see when the filter is full of salt and'with a door I at its other 
end for removing the dry filtered salt. A steam-valve JI is fitted 
for admitting steam to the perforated tube G, and *an air-valve 
D and safety-valve D' are also fitted on to]^, while a cock C is fitted 
from w'hence a ])ipc connection C' would l)e taken to the upper 
vacuum s])acc of evaporator F. The filter is fitted with a filter- 
bed A' of iron netting and coj^jxt gauze and an iron grid-plate. 

Operation.—In working the salt-filters wherk the aj)panftus is 
started to WH)rk, the valve B at the bottom of the vc‘ssel connecK*d 
to the salt-filter is opened (and that in the other filter shut) and 
during the concentration of the li(|uor ’the salt that is formed is 
precipitated into the salt-filter A and when filled with salt, which 
can be seen in the sight-glasses 7 % the valve B is shut (and the valve 
B on the other salt-filter is o])ened), and cock C on the pipe C' is 
then oy)ened to the vacuum s[>ace in the top chamber F. The 
steam cock H is opened at the same lime a» cock C. The steam 
from cock H ])asses tlifough the perforated ])i])es G and drives 
the liquor through the salt, the licpior and steam being sucked 
through cock C uj) into the toj) chamber F by the vacuum. When 
the salt is thoroughly dried, which can be seen in the sight-glasses 
FI, cocks II anrl C are shut and the air valve D o])ened, and door 
7 is opened for taking out the dry salt. After the salt is taken out 
the door 7 is closed and cock 7 / o|)ened, and when the steam has 
blown all the air out of the salt-filter through cock D both cocks 
J-f and D are shut and valve B is opened, gently at first, to allow 
the steam in the salt-filter to pass (|uietly into the apparatus. After 
the steam has all ])assed and the li(juor is seen to rise in the sight- 
glasses E valve B is opened full. The.se .salt-fillers are worked 
alternately. In small a])])aratus only one salt filter is used, there 
being placed between the .salt filler A and the bottom cover F'~ 
of the ve.ssel F a salt-hopj>er to receive the salt precipitated during 
the operation of drying in the .salt-filler. 

Jobbins Waste-lye Evaporator. — The dominant system of 
glycerin recovery from waste soaj) lye throughout the world is that 
covered by the ])atents of Jobbins and Van Ruymbeke, and represents 
in case and simplicity of o{)eration and in (juality of ])roduct the 
most successful and practicable solution of this long-baffling 
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Fkj. 210.—Poster Waste Soaji Lye livaporator. 
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problem of chemical engineering. As a result of the increasing 
demand for glycerin and for products made from it during the 
past half century great ingenuity has been directed to its recovery 
from waste* lye where since’Che^•reu^s researc^ies it had been known 
to exist. 

During the ])ast twenty-five years a great number of jirocesses 
have bi'on patented, all having a common object in the recoyery 
of glycerin and salt, 'riien* can be traced a graifual evolution in 
the ediciency of jirocedure and a])paratus designed to remove the 
organic matter from the lye, to concentrate this clarified lye, there¬ 
by removing the greater jiart of the dissolved salts, and to continue- 
the concentration until crude glycerin is obtained which further 
remains to be iiurilied by distillation. 

A great \'ariety of agents have been suggested for the removal 
of alliuminous, resinous, and soapy matters; no less versatility has 
been displayed in the variety of methods for the sejiaration of the 
dissolved salts; and in the concentration and further jiurification of 
the l}'i‘, there has l)een a])])arently no limit to the ingenuity of en¬ 
gineers and chemists. 

The Jobhins system of glycerin recovery comprises the purification 
of the waste lye, the use of an imjiroved evaporator for its concen¬ 
tration and the sejiaration of salt, and the use of improved ajipa- 
ratus and the aj)])lication of agents in a new way to the distillation 
of the concentrated product. 

Construction.—Referring to h'ig. 21T, i and 2 rejircsent cylindrical 
eva])oralors made of sheet-iron; 3, 3, 3, are vertical posts or pillars 
arranged in pairs and of the j)roj)er height and 4, 4, arc supporting 
braces at the top of the pillars for supporting the evaporators i and 
2. 5 and 6 are circular heads or flue-sheets within the evajiorator t, 

and 7, 7, are flues connecting the heads. 8 is a steam-inlet pipe for 
admitting steam into the s])ace between the heads 5 and 6 which con¬ 
stitute:; the steam-drum, this pipe having a valve q; 10 is an outlet 
pij)e for condensed steam from this space, having a valve ii. 12 
is a water-gage or column on the outside of the evaiiorator, con¬ 
nected with the steam-drum, for measuring the amount of condensa¬ 
tion therein. 13 is a manhole or door in the lower part of the evapo¬ 
rator for removing the salt or other deposits therefrom, and 14 is a simi- 
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lardoorin the evaporator about two-thirds of the way from the bottom 

thereof, to ^allow the interior t)f the evaporator to be reached for 
the purpose of cleaning. 15, 15 are draw-off pipes provided with 
valves j6, i 6, and conrv.'cted with the pij)e 17. Use is made of two 
or more of these pipes arranged one above the other, in order that 
the li(iuid may be drawn off close to the upper layer of the salt depos¬ 
ited therein. i8 is a gate valve at the bottom of the evaporator for 
drawing off the Contents thereof for any desired purpose, u; is a 
vacuum draw-off })ipe connected with the interior of the evaporator 
above the maximum limits of the de])Osited salt. 21 is ji valve in the 
I)i])e from the evaporator which connects with pipe 19, and 22 is a, 
valve at the bottom of this l)il)e. By opening the valve 2 t a i)ortion of 
the lifjuid in the evaporator may be run out into the })ipe 19, after 
whicdi the valve 21 is closed and the valve 22 is oj)ened and the small 
quantity of licjuid in the pi])e 19 is removed and may be tested. In this 
way a sullicient quantity of liquid in the evaj)orator may be drawn oiq 
for the j)urpose of testing, against the vacuum therein, and without 
affecting the vacuum. 23 is a water-gage on the side of the evapora¬ 
tor and connected therewith for determining the height of the liquid 
therein. 24 is a steam-gage on the front or side of tin* eva])orator, 
connected with the steam-s])ace between heads 5 and 6, for det('rmining 
the pre.ssure therein, and 25 is a vacuum-gage for indicating the degree 
of vacuum in the evai)orator. 26 is a j)ipe leading into the evaporator 
and provided with a valve, by means of which lye not saturated with 
SJilt may be introduced inff) the evaporator for the purpose of dis 
solving out any salt wdiich may accumulate in the flues 7 and around 
the same, and thereby prevent the incrustation thereof. Waste lye 
should be allowed to remain in contact with the ])i])es to be cleaned 
for a sufficient length of time to di.ssolve the int rusting matter. 27 
is a pipe with \’al\’es, opening into the evai)oralor abt)\’e the steam¬ 
drum therein, for introducing the material to be evaporated. 28 is 
an annular ])late within the evaporator near the top thereof, but of 
less diameter than the same, strengthened by braces 29 and having 
the hole or oi)ening 32 at its central ])art. 30 is a circular da,sh-plate 
of larger diameter than the opening 32 and supported directly bemeath 
the same by rods 31. This latter dash-plate 30 serves to prevent in 
a great measure any of the material from being projected from the 
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evaporator in case of a sudden application of vacyum or steam heat. 
33 is a heavy vapor-pipe leading from the evaporator and provided 



with a gate-valve 34 therein. 35 is a pipe from the evaporator 2, 
provided with a gate-valve 36 therein the latter being arranged 
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above the pipe 32, so that any material from the’evaporator i will be 
prevented from enterirtfr the evaporator 2. 37 is an annular dash- 
plate in the evaporator 2, and 38 is a circular dash-jdatc,secured 
beneath the same. Thijse elements corr6'sj)ond to thosc^ in the 
evaporator i. 39 is a manhole for enterin<r the evaporator 2. 40 is 
a steam-drum, 41 a steam-j^age connected therewith, 42 a water- 
gage or column for determining the amount of condensation in the 
steam-drum 40. 4:3 is a A'acuum-gage and 44 a water-gage for 



determining the height of the li(|uid in the evaporator. 45 is a vacuum 
draw-olT j)i])e on the evaporator, corresponding to the pi])e 19 of the 
evaporator 1. 47 is a door at the loAver part of the evaporator for 
removing the salt and other sediment that may be dej)osited therein. 
48, 48, are draw-off ])i])es for removing the contents of the evajxwator 
close to the salt therein, connected with the })i]>e 49 and provided 
with valves 50. 51 is a draw-olT ])ij)e corresj)(>nding to the draw-off 

pipe 18 of the eva])orator 1. 53 is a steam-pipe for admitting steam 

into the steam drum 40, and 52 is a pipe for removing the water of 
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condensation fhercfrpm. 54 and 55 arc .pipes on the side of the 
evaporator for introducing the material therein.# 56 represents the 
continuation of the pipe 33 leading into the catch-all,57. Within 
this catcti-all 57 is a ]>ipe 58, its upper end being o])en and arranged 
with its opening above tfie upper level of Ac pipe 56 passing down 
through the bottom of the catch-all 57 and connected with the drum 
60. 59 is a (Iraw-olT jjipe provided with a valve therein for remov¬ 

ing any condensed liquid or material entrained or mechujiically 
carried off with the dislillale that may be deposited in catch-all 57. 
Tile catch-all 57 is provided with a removable head and with a 
water-gage *57', for determining the amount of material that may be 
caught by and de])osited within the same. 60 is a horizontal cylin¬ 
drical drum beneath the catch-all 57 and connected with the pipe 
58, as before stated. 1'his drum 60 is provided with a water-gage 
61 for indicating the amount of condensed water therein. 62 is a 
pijie extending uj) from the top of the drum fio and connected with 
any desired form of vacuum jiiimj). 63 is a draw-off pipe for removing 
the conlenls of the drum 60, either into a tank jilaced beneath .said 
drum or to any desired rece})tacle. The drum 60, on which rests 
the catch-all 57, is supported on the standard 64 by means of lugs or 
brackets O5 bolted to tin* tops of said standards and to the drum. 

Vacuum is maintained in the evaporating system usually by 
means of a wet-tiir pump of the ordinal*}^ type permitting a work¬ 
ing vacuum of from 25 to 27 indies. In the distilling system vacuum 
is maintained by a jiumj) of the duplex i1y wheel type, one form 
of which is shown in Fig. 212. 

Concentrated Waste Lye.—Concentration of waste lye may be 
cither partial or comjilete, according to the steam pressure avail¬ 
able and the character of the ajiparatus emjiloyed, and in general 
is determined by the extent of manufacturing o])erations and vol¬ 
ume of waste lye produced. The product of jiartial evaporation 
is sinq^ly concentrated lye; of comjilete eva]K)ration, crude glycerin, 
the two products differing in the ])roi)Oilions of water, salt and 
glycerin present. With inade(]uatc steam pressure the production 
of concentrated lye of a (juality apjiroaching crude glycerin may 
be effected in the following general manner: During the first day 
the evaporator is fed with waste lye; the concentrated product is 
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discharged at night and^ the salt separated. During the forenoon 
of the second day, the evaporator is fed with waste lye, and in the 
afternoon the concentrated product of the first day’s work is drawn 
in as required. At night the whole concentrated proiluct is dis¬ 
charged and the salt s*:*]iarated as before. During the 'forenoon 
of the third day the evaporator is fed with waste lye, and in the 
afternoon the concentrated product of the first and second day’s 
work in drawn in as required. The whole concentrated product 
of three day’s work is discharged at night, and, according to the 
stc*am pressure available, a fair quality of crude glycerin may be 
obtained. Wherever practicable each period of evaporation should 
be started with waste lye, thereby clearing the tubes of the steam- 
chamber from adhering salt and permitting more efficient utilization 
of the steam available. 

Operation.—The operation of the complete evaporating system 
designed for the production of crude glycerin suitable for immedi¬ 
ate distillation com})rises the use of two evaporators shown in rela¬ 
tive size, position and with connections in Fig. 21 t. Suitable con¬ 
nections at })ipe ()2 for water for the condensation of vapor and 
for the pum}) for the removal of vapor from the evaporating system, 
as well as discharge tanks of suitable size located beneath their re¬ 
spective evaporators and also salt-filters located below and in front 
of the discharge doors of their respective eva})orators, are not shown 
in the figure. In operating evaporator 1 condensing water is ad¬ 
mitted to the vacuum-j)ump in })roper amount, whereupon the 
pump is started. Waste lye j’urified, as already described, is intro¬ 
duced into evaporator 1 through the pipe 27 which connects with 
the storage-tank for waste lye j)repared for evaporation. Valve 
36 is then closed, in event of evaporator 1 being operated alone, 
sf) as to maintain a fairly high vacuum, preferably say about 26 
inches, within the drum 60, catch-all 57 and evaporator 1. Steam 
is now introduced through the pipe 8 into the steam-drum of the 
evaj)orator which heals the flues 7 and the heads therein tothe j)roj)er 
temperature. This heat should be sufficient to concentrate the lye 
until it has been concentrated to the proper degree, preferably to 
about 28° B€. when drawn from the evaporator, or 30° Be. at 15° C. 
This heating may be conveniently accomplished by means of ex- 
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haust-stcam. This evaporation of the lye causes the salt therein 
to separate after the salting-point has been reached, which salt accu¬ 
mulates at the bottom of the evaporator and may be removed there¬ 
from through the door 13 and dried upon the salt-filter* described 
later. , . ^ . 

By means of the pipe 19 the specific gravity of the lye may be 
tested, and when it has reached the desired strength, preferably 
that indicated, the lye is drawn off as closely to the salt as ])ossiblc 
through one of the draw-off ])ipes 15. By making iwe of the annular 
and circular dash-plates 28 and 30, the liijuid is jirevcnted from being 
projecteil into the pipe 33 by any sudden increase of the vacuum 
or steam-heat. At the above described density (30° Be. at 15° C.) 

• 

the lye contains about 50 jier cent of glycerin and most of the salt 
contained therein has been deposited. 

By carrying on the e\'a[>oration in a vacuum of about 26 inches 
and with steam at a low pressure, the lo'S of glycerin by evapora¬ 
tion is reduced to a minimum, and in fact there is practically no 
loss of glycerin from this source when the process is jiroperly carried 
out. 

I'he jiroduct of evaporator t may be called half-crude glycerin 
and is a concentrated lye of 30° Be. at 15°C. This having accu¬ 
mulated in sulTicient quantity is subjected to further concentration 
in evaporator 2, removal thereinto being generally accomjdished by 
the suction of the high vacuum therein, by means of steam intro¬ 
duced into the steam-drum 40 until the lye has attained a specific 
gravity of .,4° Be. at t 5°C. An additianal quantity of salt sepa¬ 
rates during this operation, which salt may be removed and dried 
in the salt jian attached to evajiorator 2, called from its product 
the crude evajiorator. 'Fhe reason for carrying on the evaporation 
process in two stejis as. above described, is that when the salt is 
imfiregnated with concentrated crude glycerin it is dilficult to dry 
and to free from its adherent crude glycerin, but by evaporating it 
in the first evaporator until it reaches a sjiecific gravity of not more 
than 30° Be. at 15° C., and discharging the contents and separating 
and washing the salt, and further concentrating the crude liquor 
and again removing salt, this disadvantage is reduced to a minimum. 
In shutting down the evajiorators, whether the half-crude or crude, 
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the healing steam is first turned off; next the condensing water to 
the vacuum-pump and' then the pump. The vacuum is now broken 
and the contents*difX'harged. 

The jihoduct of the last evaporation is crude glycerin or a satur- 
raled solution of common salt, in glycprin, together with a small 


portion of impurities. The imxluct is now ready for distillation. 

I’lie variation in the comjiosition of jnirilied waste lye as it under¬ 
goes ])rogressivc concentration to the slate of crude glycerin is shown 
in (he following* analytical determinations made by dill and Miller 
•on products obtained from waste lye ])urified by treatment with 
sulphuric acid and jiersuljihate of iron: 


TAIILI': X.\XV.--0IlSi:UVAT10\S OF WAS'l't: FVE SAMPLES AT 
SIK'CKSSIVK S’I'AOI'.S OF rONt'I’.NTRATION. 


Sample. 

Spei ifii' 
(Iraviii, 
Wesipli.-il 
li.'ilaiici . 

Per Cent 
ril S.llt. 

pi't Cent 

III Siilph.ite, 

Per ('ent 
i)t Oh(.eriii. 

Specific 

tleai. 

A 

I . 1 2() 

J1 . I 

t 

- ■? 

() 2 


li 

1 . 1 (>3 

] 2 5 

not lii - 
termine<l 

8.0 

0.7841 

C' 

1 2o6 

i6 1 

4 -■ 

8.1 

O.74S8 

I) 

1 • -'4,i 

]S 0 


jf).4 

° 7.1 i.i 

]<: 

1 . 2f)4 

0 I 

0 4 

'is..': 

0 

F 

J • .viO 

5 

\(T\ sm.ill 

S7.0 

0 4 (;()(; 


Determinations of boiling j)oints, under atmospheric jiressure, 
of concentrated lyes of diJTerent jirojiortions of glycerin and salt 
were made by the same iftve^tigators as follows: 

TAIILE XXXVT —BOlLlXd-POIXTS OF WASTE lA E W7TTT C'ORRE- 
SPOXDIXC; I’KRCEX'I'ACES OF (ILYC'KKIX AXIJ SALT. 



IJiiiliiij’-pDint. 

01 yi enn. 

Salt. 


“C. 

Per Cent. 

Per Cent. 

I 

100 

lO 10 

20.2 1 

2 

not taken 

17.^0 

to 

0 

0 


112 

.1- 8b 

17.05 

4 

120 

6^. 28 

10 74 

.s 

240 * 

87.84 

^>■34 


•Taken at a pciint where tbullilinn had eeased. The lye was boiled down in the 
open air, and samples taken lor analysis as the bmlnui-point Mas noted. 
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Products of'Concentration.—The products of concentration with 

» 

evaporator i are half crude glycerin and salt; tvith evaix)rator 2, 
crude glycerin and salt. Where sulphuric acid is used to neutralize 
the alkalinity of waste Ive, it has been found that in evaporating 
these lyes, the first salt which separates after the salting-jioint has 
been reached consists essentially of sodium sulphate, often to the 
extent of 80 per cent, the remaining 20 per cent consisting of sodium 
chloride or common salt. Therefore, when it is^desired to manu¬ 
facture (jlauber’s salt or to obtain the salt as free as possible froin 
the sulphate, the evaporation is stopped when most of the sulphate 
has separated; and the crude sulphate thus obtained is purified by 
solution in water and ciy'stallization such operation being repeated 
if necessar\^ until sulTiciently pure Glauber’s salt is obtained. After 
the separation of the imjiure sodium sulphate as above described, 
the evaporation of the Ikjuid is continued until it reaches a density 
of 28° be. as drawn from the evaporator or 30° Be. at 15° C. Where 
the separation of the sodiifm sulphate is not desired, the evaporation 
may be carried on to this ])oint continuously from the beginning. 
At the above described density ( 30° Be. at 15° C.) the lye contains 
about 50 per cent of glycerin, and most of the salt originally con¬ 
tained therein has been seyiarated. 

In discharging the contents of cither evaporator the hot liquor is 
run by means of suitable outlets into storage-tanks beneath the respec¬ 
tive eva])orators. Discharge door 13 or 47, whether the half-crude 
or crude evaporator is being operated, js opened and the remaining 
liquor and salt are scra])ed into the salt-filler. This consists essen¬ 
tially of a shallow tank of suitable caj)acity ]wovided wdth a false 
bottom or scrckm a couple of inches above the bottom and which 
is covered with coarse cloth such as salt bags. The bottom of 
the filler communic.ales wdth the bottom of a conveniently located 
cylinder from the top of which connection is made with a suction- 
pump. After all the salt has been transferred to the filter the suction- 
pump is started and connection on the filler with the cylinder in 
which a partial vacuum has been produced is made, whereupon the 
adhering half-crude is transferred to the cylinder together with what 
wash-water it may be necessary to use. Further purification of the 
salt may be effected by placing wooden covers on the filter and 
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blowing live steam oven the salt, partial vacuum meanwhile being 
maintained in thL* (,:\’linder. After sufficient purification the dry 
salt is removed to be used again for graining soap. The wash- 
liquor from it is transferred to the half-crude storage-tank to be 
evaporated as required. * The half-crude, as stated, is concentrated to 

crude which naturallv is obtained in reduced volume. 

0 

Utilization of Recovered Salt.—^The salt as removed from the 
filter ns of varyu'ng degrees of purity according to the thoroughne.ss of 
the purification of the waste lye, whether hydrochloric or sulphuric 
acid has been used as the neutralizing agent, whether a portion of 
the crude sulphate has been separated by fractionid crystallization, 
j)reviously described, and according to the thoroughness of the’ 
washing process. The impurities may be divided into two classes, 
viz., organic and inorganic. I'he former comj)rise fatty, resinous 
and' albuminous matter imperfectly removed from the waste lye and 
crude glycerin remaining after the washing process in the filter. 
The latter may compromise sodium hydfate and carbonate, incom¬ 
pletely neutralized in the preliminary purification of the waste lye 
and adhering in solution to the salt and sodium sulphate resulting from 
the use of sulphuric acid in neutralization, and oxide of iron from 
the interior of the evaporator, or iron salts not comfiletely removed 
in the purification of the waste lye. In addition there is more or 
less water. The salt may be used directly in the kettle without 
further treatment. When dark it is not without discoloring effect 
upon the soap which, while npt affecting rosined soap to an aiipreciable 
degree ])revents its use for graining white soap. It may be purified, 
when desirable and practicable to use it in saturated solution, by 
dissolving it in water; treating it with sufficient diluted sulphuric 
acid to aid removal of the organic matter by filtration, and treating 
the filtrate thus purified with soda-ash to precipitate the iron salts, 
whereupon it is again filtered and is ready to be used. 

When unpurified, organic impurities pass again into circulation, 
which should be prevented whenever practicable by using the inferior 
recovered salt on nigres. With i)roper purification of waste lye 
the salt recovered is of bright color and suitable for use on any change. 
With varying proj)ortions of sodium sulphate present its graining 
efficiency is correspondingly reduced. 
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Crude Glcyerin. —-Crude glycerin is a* saturated solution of 
various alkaline salts in glycerin together wi>h varying amounts 
of organic impurities. The commercial value of crude glycerin 
depends upon its content ot glycerin, which in turn in crude glycerins 
of the same density is afTected by the ])roportion and character of 
the im})urities. These vary largely with the source of the crude 
glycerin, which in the order of the general quality of the product may 
be stated as follows: Candle-stock saponified by steam under pres¬ 
sure; waste soap lye; and candle-stock subjected to acid saj)onifi* 

cation and distillation. The first and third sources and their 

* 

res\)ective ])roducts already have received ‘attention. 

The jwoporlion and amount of impurities of crude glycerin 
obtained from waste soa]) lye arc determined by the degree of the 
purification of the waste lye and the materials used therefor, and 
the degree of concentration of the product. The impurities eliminated 
during concentration are in general inorganic and remain to constitute 
about lo per cent of the vveight of the concentrated product. As 
concentration proceeds the ])ro])ortion of organic matter, imperfectly 
removed by the initial j)urification of the waste lye, increases and 
affects the color, body and commercial value of the crude glycerin. 
A high pro|)ortion of organic imjmrity not only means a reduced yield 
of the refined product but its more or less deterioration and increased 
difficulty in obtaining the yield. The i)ro])ortion of common salt 
increases as the salting-point is reached, whence it falls off to the 
average ])ercentage occurring in good c»ude glycerin, viz., about 8 
to 10 per cent. Alkaline salts increase in proportion as concentration 
'proceeds owing to their greater solubility. The color of crude 
glycerin de|)ends upon the proportion of foreign organic matter 
present, and this is determined not so much by its source as the 
thoroughness of ])urification of the original aqueous solution, whether 
it be sweet water or waste soap lye. 

As is clear the jiroportion and amount of the various saline 
constituents will be very materially affected by the .source, being 
less with sweet water than with waste lye and the variety depending 
upon the procedure employed. 

The following average analysis of crude glycerin made by 
Richardson and Jaffe is t>q')ical: 
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r^-r Cent. 


Glycerin.*:.,. 77 - 3 ° 

Fal'-acids (as soa})). o.8o 

Soda (Na20) (as soap). o.o8 | 

Sodium carbonate. 2.801 


10,21 
per cent 
of 


“ chloride. 6.56 1 

“ sul])hate. 0.34 

Alumina jind silica. o-43 J 

W aler (with traces of organic color¬ 
ing matters). iJ-bp 


100.00 


I 


Distillation of Crude Glycerin. —Various forms of distilling 
apparatus have been devised; some of tlu-m im])racticable and some 
of them used until su])])lanted l)y a more eilicient form. "J'hey com¬ 
prise essentially a vessel for containing and heating the crude glycerin, 
a device inserted therein for the inirodhction of agents to facilitate 
distillation, and suitable a])])aralus for the condensation of the 


distillate. The form of distilling a])j)aratus at jiresent in general 
use, like every complete machine, contains in its structure vestigial 
characteristics of every mechanism of any degree of ])racticability 
that along the same lines has ])receded it. 

The system of glycerin distillation covered by the jxitents of 
Jobbins and Van Ruyml)eke has as its distinctive characteristic 
the introduction into the »'listilling vessel wherein high vacuum is 


maintained and into the mass of crude glycerin therein contained, 
a jet of expanded and reheated steam. The syst(‘m comprises a 
suitable vessel for the ex])ansion and reheating of high-pressure 
steam, a distilling vessel, suitable recey>tacles for the distillate and 
an air-])ump for the maintenance of a high degree of vacuum. 

Construction of Reheater and Still. —Referring to Fig. 213, 66 
is a rehcater made preferably cylindrical in sha])e, of iron or of 
steel, and 67 is a still. The heater 66 and still 67 are vertically 
arranged side by side, as shown. 68, 68, 68 are ])illars or ])osts 
having the braces or I beams 71 at the toj) thereof. The heater 
66 and still 67 are sujjj)orl(‘d by these braces by means of lugs or 
brackets 97 bolted to the same. 72 is a steam-pii)e from a boiler 
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or any suitable source of steam-supply. This pipe 72 connects 
with the steam-])i])e running parallel midway •between the heater 
and the still and provided at its lower end with the enlatged cylin¬ 
drical chamber 74, for re.ceiving the water of condensation from 
» § 
the stcam-])ij)e. Beneath this chamber 74 is a valve 75, for re¬ 
moving the water of condc'nsation. 76 is a small steam-])ipe con¬ 
nected with the i)ii)e 7.^ above the chamber 74 and provided with 
a valve 77 therein. 'Die steam-])ij)e 76 enters tht* heater 66 hear 
the lower part thereof and connects with the steam-coil 78 in iht 
heater. Tliis steam-coil 78 is preferaldy made of considerably 
larger diameter than the steam-pij)e 76, so' that the steam from the 
])ij)e 76, on entering the coil 78, will ra])idly ex])and therein, its 
tem])erature being correspondingly rc-duced. The steam-coil 78 
is su])])orled withiir the heater 66 by means of braces 78' arranged 
veriically in the heater. . The u])])er end of the coil 78, which is 
called the “ex])ansion coil,” connects with the ])ii)e 80, which 
])assi‘s out through the si(A.‘ of the heater and enters the still 67, 
being provided at its lower end with a distributing ring or jn'pe 81, 
laiving ])erforations therein jireferably extending downward for 
injecting steam into llu- contents of the still. 82 is a pipe extend¬ 
ing out from the ])ipe 72, and ]>rovided with a valve 83 therein, 
said ])i])e 82 entering the top of the heater ()6. 84 is a pipe at the 
bottom of the heater (>(), provided with a valve 85 therein, for re¬ 
moving water of conden,.atii)n from the heatiT. 86 is an asbestos 
or other insulated covering around the Ijeater ()(>, in order that the 
heat of the same may be retained withotil loss by radiation. 87 
is a draw-olT ])ipe ])rovided with a valve for removing the contents 
of the still when de.^ireil. 8p is a door in the lowc-r part of the still, 
])rovided with a valved ])i])e qo for removing the sediment and 
residue from the sti.ll. ()i is a water-gage or column on the still 
67 for determining the amount of material therein. 92 is a pipe 
branching out from the steam-])i])e 72 and having a valve 93 there¬ 
in. This ])i])e 92 connects with a steam-coil 94 within the still 
for heating the contents thereof. 88 is a valved steam ])i})e con¬ 
nected with the lower end of the coil 94 for carrying off the .steam 
or cond(“nsed water therefrom. 95 is a ])ipe having valves 96, for 
introducing the material into the still 67. 98 is a pipe for carrying 
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off. the distillate or vapof from the still 67, which pipe connects with 
the upper end of the* drum 69. 100 is a pipe connecting the upper 



end of the drum 69 with the upper end of a similar drum 70 ar¬ 
ranged al the side of the drum 69, both of these drums being sup- 


Pig. 213.—^Jobbins Distilling Apparatus. 
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ported on the braces 71 by means of the saddles or brackets 99. 101 

are pipes leading out from the bottom of tlje ratch-all drums 69 
and 70 and provided with valves 102 therein. The pipes 101 con¬ 
nect at t^eir lower ends^with the pi])e 103 which enters the side of 
the still and which is provided with a valve 104. 105 is a pipe 

connected with the pipe 103, which enters the side of the still and 
which is provided with a valve 106 therein. 107 is a tank beneath 
the pipe 105. Instead of making use of two drums, as described, 
it is obvious that only one drum, or three or more drums, may,be 
employed. Extending uj) from the top of the drum 70 is a vertical 
pij)e 108, provided with a horizontal branch pi])e jop at its upi)er 
end. This’ ])i])e 109 connects with the u])j>er end of the upright 
cylindrical condenser 114. Within this condenser are the heads 
or drums 110 and i]2 connected together by tubular Hues iii. 113 
arc ])ipes leading into.the top and out of the bottom of the sj)ace 
formed between the heads no and iJ2, for maintaining the circula¬ 
tion of water or other cdtHing agent therein. 115 is a ])ipe leading 
out of the lower end of the condenser 114 and connected with the 
receiving drum 116. This recei\'ing drum iiO is ])rovided with 
a water-gage 117 thereon, for determining the amount of e(m- 
densed distillate therein. The said drum is also ])rovided with a 
draw-off })ipe 118, having a valve 119 for drawing off the condensed 
distillate. A tank 120 placed beneath the receiving drum 116 
may be used for receiving this di.stillate. The receiving drum 
116, and also the condenser 114 are ^sui)ported on pillars or posts 
121 by means of lugs or brackets 122, bolted to the to])s of the pil¬ 
lars and to the side of the drums. 

Operation of Still.—A sufficient quantity of crude glycerin is 
introduced into the still 67, Fig. 213, through the pipe 95 ])referably 
by reason of the .vacuum therein. The valve 96 is now closed and 
vacuum maintained in the still. Steam is introduced through the 
pipe 72 and, i)a.ssing through the pipe 92 into the steam-coil 94, 
heats the contents of the still up to a temperature ai)j)roximating 
the boiling-])oint thereof at the vacuum used. Steam from the 
pipe 72 also passes through the pipe 82 into the heater 66 and 
heats the expansion-coil 78 therein to the proper temperature. 
Steam from the pipe 72 also passes through the pipe 82 into the 
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heater 66 arid heals tho expansion-coil 78 therein 'to the proper 
temperature. Steam ,from the pipe 72 also passes through the 
pipe 73 intoi the smaller pij)e 76, and thence into the large cx- 
pansion-coil 78 where it rai)idly exjjands, its temperature being 
thereby reduced correspohding to the degree of expansion. ’Ey heat¬ 
ing the expansion-coil 78 by means of free steam in the heater 66, 
the expanded steam in this expansion-coil will be reheated approxi¬ 
mately to its original temperature, and in its expanded and reheated 
form will pass through the pipe 80 and be injected into the 
material through the ])erh)rated })ipe or ring 81. By first allowing 
this steam to expand and- by then reheating it befofe injecting 
it into the liquid, expansion in the still in the jiresence of the 
vacuum used is reduced to a minimum. This injected steam, at 
a lemjierature of about 300° Fahr. at a vacuum of 28 inches or 
more, in passing through the liquid will rapidly distill the same, 
and the distillate passes out through the pipe 98 into the drum 
69. The less volatile distillate, comprisivig glycerin, generally of 
an excellent quality, will be deposited in the drum 69. From 
the drum 69 the distillate passes by means of the j)i])e 100 into 
the drum 70, and more glycerin will be condensed and retained 
therein. The more volatile distillate, consisting of glycerin with 
a large percentage of watery vapor, passes up from the drum 70 
by means of the pipe 108 and enters the condenser 114 where it 
is condensed by passing through the cooling ])ij)es 111. The con¬ 
densed distillate will now be^deposited in the receiving drum ii6. 
The sweet-water thus collected in the drum 116 may be removed 
therefrom into the tank 120 after the distillation has ceased, or by 
stopping the vacuum-pump. The less volatile distillate collected 
in the drums 69 and 70, which as before mentioned, is concentrated 
glycerin, generally of a bright color and of an excellent quality, 
may be drawn out of said tanks into the tank T07 through the pipes 
loi, 103, and 105, but if upon test it is found that this glycerin is 
not of sufficient purity, it may be returned through the pipe 103 
into the still by opening the valve 104. 

On starting the still it is first necessary to discharge any water 
that may have been allowed to remain in it for cleaning. The 
reheater is then heated up slowly and the vacuum-pump started. 
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Crude glycerin is then drawn in the still hy aid of the vacuum 
up to the established level for safe operation jand at which it is 
maintained without great alteration until near the end af the dis- 
tilling permd, when it may be allowed to subside from the distil¬ 
lation of the last portions of glycerin advisable from the accumu¬ 
lated foots. After introducing the requisite amount of crude glyc¬ 
erin the still and contents are heated, whereupon the jet of expanded 
and reheated steam may be applied slowly and with great car*; to 
avoid entrainment of matter into the catch alls. 

In shutting down the still it is first necessary to close the jet, 
to close the steam-valve admitting steam to the heatiijg-coils of the 
still and heater, to turn olT the cooling water to the vacuum-pump 
and to stop the j)um]). Vacuum on the still is now gently broken 
through the jet-pipe sufficiently to clean the latter, whereupon the 
vacuum break is oi)encd. 'J'he distillate is now discharged sepa¬ 
rately from the catch-all and sweet-water drums, and finally the 
foots, into tanks ])laced blmeath the drums and the still. Water 
is now introduced into the still which is heated to boiling, to clean 
the interior, by means of steam through the jet-])i])e, after which the 
wash-water is discharged into the foots. Where the vacuum in two 
stills is maintained by the same ])ump it is necessary in shutting 
down one still to close all connections of that one with the other. 

Expanded and Reheated Steam. — 'I'he ]>articular advantage 
which proi)erly exi)anded and reheated steam possesses in distilla¬ 
tion is, that the steam expands but sligl'yily and consequently causes 
but slight absorption of heat due to such expansion. When on the 
other hand, ordinary free steam is used for distillation it always 
cx])an(ls very much in the still, and absorbs heat from the contents 
of the still, so that distillation is retarded not onlv because of the 
diminution in tem])erature thus ])roduced in the material, but also 
because of the varying cpianlities of condensed steam retained by 
the material. 

With su])erheated steam, that is to say, steam which has been 
heated to a high tenij)erature Iw lire-heat or by other means, the 
same objections are found, and although the diminution in tempera¬ 
ture suffered by super heated steam in ex])anding in the still, whether 
a vacuum is used or not, may not be sufficient to cause condensa- 
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tion, yet such steam is'undesirable for the distillation of glycerin or 
similar materials* snee decomposition products will be inevitably 
formed. • 


Although the ex})ansion of the steapi injected may be varied 

• • • C ^ • 

within a very wide limit, it has been found that steam coming from 
the boiler at a pressure of from 70 to 120 pounds, when expanded 
to from twenty to thirty times its original volume, will give excellent 
results. Although a slight exi)ansion and reheating of the steam 
U) be injected is beneficial pro lanto, still it is preferable that the 
injected steam be expanded until it has a pressure less than that 
of saturated jteam at the boiling-jioint of the li^iuic! from which 
the glycerin is distilled. To obtain the best results it is also neces¬ 
sary that the temperature of the injected steam be kept strictly 
below the ])oint at which decomposition jiroducts are formed. 
When a high vacuum is used, the pressure of the injected steam 
may be less than atmosiiheric pressure. 

Products of Distillation.—The jirodutts of distillation arc three 


in number, viz., heavier portions of the distillate called “half-refined ” 


glycerin, collected in tlu catch-alls 69 and 70, “sweet-water” (to be 


distinguished from the sweet-water of steam or acid saponification)) 


collected in the sweet-water drum 116, and 


“fools’’or the residue 


left in the still on the termination of the distilling period. This 
residue is of dark color and of tarry consistency and which, on account 
of the large amount of sodium acetate and other organic soda salts 
therein contained, can no Icviger be distilled for glycerin, yet as the 
glycerin in such “foots” is unaltered it can be recovered and trans¬ 
formed into crude glycerin by a process to be described later. 

The half-refincd glycerin is subjected to a second distillation, 
commonly in a .second dislilling-jilanl reserved for that purpose and 
for the distillation of the concentrated sweet-water. This course is 


made necessary because it is impossible to completely prevent small 
quantities of crude glycerin from being entrained or carried off with 
the distillate, which after concentration will often contain one- 
hundreth of one per cent of sodium chloride. The glycerin is also 
generally apt to be contaminated with a slight quantity of an organic 
impurity of a resinous nature, which, as it has a lower boiling-point 
than the glycerin, comes off with the first portion of the distillate. 
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and may thus^be separated either from thd first or from the second 
distillate. . ’ 

Construction of Concentrators. —Referring to Fig. 2iit, 123 repre¬ 
sents a r,oncentrator made preferably cither of iron or steel. This 
concentrator 123 is su])portcd on pillars or posts 124 by means of 
brackets or lugs 125 bolted to the concentrator, and to braces 126 
connecting the tops of the posts. 127 is a steam-])ij)e provided with 
a valve 128, having a steam-gage thereon for registering the amount 
of pressure in the pipe. This i)ipe connects with a steam-coil 1,29 
within the still for heating the contents thereof. 130 is a steam-pipe 
having a valve therein for carrying off the condensed steam from 
the coil 129. 131 is a water-gage or column on the side or front 

of the concentrator 123 for indicating the height of the material 
therein. 132 is a vacuum draw-off pipe connected with the con¬ 
centrator 123 at one or more levels, and provided with valves 133, 
134 for drawing material into pipe 132 from any desired portion of 
the liquid in the concentrator. 135 is a valve beneath the pipe 132 
for removing the material drawn therein for the ])urj)osc of testing 
the same. 135' is a ])et-cock at the top of the ])i])e 132 for admitting 
air into the same. 736 is a draw-off pipe at the lower end of the 
concentrator for removing the concentrated material therefrom. 
157 is an annular dash-])late within the concentrator near the top of 
the same, and provided with a circular dash-plate 138, supported 
beneath the jdate 137 by means of ro<ls 139. 140 is the opening in 

the annular plate 137 above the circuhndash plate 138, but of smaller 
diameter than the same. 141 is a pipe from the concentrator 123 
for carrying off the aciueous vai)ors and other volatile matters there¬ 
from, and provided with a valve 142. This pipe 141 is connected 
with a catch-all 143 provided with a pi])e 144 therein, having its 
o])en upper end arranged above the opening of the pipe 141. 145 is a 

water-gage for indicating the amount of liquid that may be caught 
by and retained in the catch-all 143. 146 represents the continuation 

of the pij)e 144 and which connects with the top of the drum 147, 
provided at one of its ends with a wat('r-gage 148. 149 is a draw¬ 

off pipe for removing the contents of the drum 147, provided with a 
valve 150. 151, 151 are pillars or posts on which the drum 147 is 

supported by means of brackets 152 bolted to the top of said pillars 
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or posts and to said drurfi. 153 is a ])ipc which leads out from the 
bottom of the catch-all* 143 at one side of the pipe 144, and is connected 
with a horizontal pipe 154 l)y means of a four-way casting, as shown, 
to enable the pipes 153 and 154 to be cleaned. The pipe 11^4 enters 
the side of the concentrator 123 and is provided with a valve 154' 
thereon. 155 is a valved pipe entering the })ij)e 154 between the con¬ 
centrator and the valve 154' in said j)ipe, for introducing the material 
into the concentralDr. 156 is a second concentrator provided with 
a steam-pipe 157 having a valve 158 therein, and a steam-gage 159 
thereon. This steam pij)e 157 connects with a coil 160 on the 
inside of the coificenlrator 156. 161 is a water-gage on the concentra¬ 

tor, and 162 is a vacuum draw-olT jjijK' connected therewith and 
liaving valves 163, 163. 164 is a draw-olT pij)e for the concentrator 

and having the valve 1O5, and 166 is a steam-i)ij)e connected with 
the end of the coil j6o for carrying off the steam therefrom, or for 
removing the water of condensation therein. 167 is a ])ij;e having 
valves 168 for introducing material into tfie concentrator 156. 169 

is an annular dash-plate near the toj) of the concentrator T56 pro¬ 
vided with a circular dash j)late 170, supporti-d by rods 171, as 
before exjffained. 172 are pillars or posts for suj)j),)rting the concen¬ 
trator 156 by means of lugs or brackets 174 bolted to the braces 173 
and to the concentrator. 175 is a ]>i])e for carr\ ing off the acjueous 
vapors from the concentrator 156, and provided with a valve 176, 
which i)ipe 175 connects with the catch-all 143. In practice it is 
dc'sirable that the concentrat<i*ir 156 which concentrates the glycerin 
after the second distillation should be made of coj)[)er ])referably 
tinned on its interior, in order that there may be no danger of con¬ 
taminating or discoloring the glycerin. 

Concentration and Utilization of Sweet-water.—Referring to Fig. 
213, the distillate in the lank J20 is now ready for the first concentra¬ 
tion in the concentrator 123, Fig. 214, which may be an iron concen¬ 
trator. The valve 176 is closed so as to cut off the concentrator 156 
and a vacuum is maintained in the concentrator 723 bv means of a 
vacuum-pumj) connected with the receiving drum 1^7. By thus 
maintaining a vacuum in the concentrator, the glycerin from the 
receiving tank 120 may be drawn through the pipe 155 by .suction, 
or by any other suitably located pipe. Steam is now admitted into 
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the coll 129 through the pipe 127 and the glycerin is nraintained at 
a tem})erature*abovc the boiling-})oint of water at,the vacuum us'ed. 
The watery vaj)or thus driven otT ])asses through the ])ipe 141 and 
enters tht* catch-all drum 143. This watery vapor generally carries 
with it small and varying (juantities of glyd'rin. The watery vapor 
and glycerin passing into the catch-all drum will im[)ingc against 
the j)ipe 144 and the glycerin contained in the vapor will condense 
and deposit in the drum 143. 'J'lie watery vapor thus driv9n off 



passes into the pipe 144 and accumulates in the receiving drum 147^ 
from which it may Ik- removed as des'ired. 

The glycerin wliich is condensed in and collected by the catch¬ 
all drum J43, by reason of the fact that it is of a less volatile nature 
than the watery vapor i)assing through the same, may be returned 
to the concentrator J43 l)y the ])ij)e 154 by oj)ening the valve 154' 
therein. When the glycerin has Ix'en sufficiently concentrated, which 
can be determined by means of the })ij)e 132, it is passed through 
another distilling a])])aratiis, preferably like that illustrated in Fig. 
213 exce])t that it is advisable that the catch-all drums 69 and 70, 
condenser 114, and receiving-tank 116 of the second still should 
be made of co])per lined with tin, so as not to contaminate the glyc¬ 
erin of the second distillation. 
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Concentration of Refined Glycerin.—Thc. heavier portions of 
the' distillate, referred to as half-refined glycerin, obtained from 
the distillation of crude glycerin, as already described, are subjected 
to a second distillation in a distilling apparatus identical in con¬ 
struction and o])eration lo that used and described for the distilla¬ 
tion of crude glycerin. The products of this distillation arc refined 
glycerin, residual foots and sweet-water, collected respectively in 
the cylch-alls, still, and sweet-water drums. The sweet-water is 
concentrated, as already described, the concentrated product being 
distilled either separately, which is jireferable, or in combinalian 
with half-refined glycerin in the still reserved for the distillation of 
half-refined glycerin. To comliine with the volatile fatty acids, 
which may be ])resent in varying amount, and thus to a degree to 
retain them as alkaline salts in the residual foots, soda-ash is usu¬ 
ally added to the tank containing the concentrated sweet-water 
and well mixed through jirior to distillation. The heavier j)or- 
tions of the distillate obtained from the distillation of half-refined 
glycerin constitute refined glycerin, which undergoes a final con¬ 
centration in concentrator 156, Fig. 214. 

After this second distillation the glycerin is introduced into the 
concentrator 156 through the pipe 167 and is heated .so as to drive 
ofT the water therein by steam in the .steam-coil t6o. The watery 
vapor pa.ssing out of the still 156 enters the catch-all 143 by means 
of the pipe 175, and is condensed and collected in the receiving 
drum 147. This concentration is carried on until the distillate has 
reached a specific gravity of 1.2O2 for dynamite purposes, or even 
higher if necessary. 

It is obvious that by making use of a catch-all 143 and in jiro- 
viding means for returning the glycerin caught therein back to the 
concentrators, the loss of glycerin during the operation of con¬ 
centration is reduced to a minimum. 

Clarification of Refined Glycerin. —The tendency during the 
concentration of refined glycerin is for it to darken, which tendency 
is greater in proportion lo the water it contains. The darkening, 
however, is lo be attributed not so much lo the presence of water 
alone as to the presence of non-glycerin organic matter accom¬ 
panying the water. After the desired specific gravity has been ob- 
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tained by opcrdting the concentrator, as h^s been described, the 
condensing watir is shut off, the pump shut down, vacuum in the 
concentrator broken and the contents discharged through the 
draw-off pipe 164, into a tank of suitable capacity placed beneath 
the concentrator. Ordinarily the glycerin »is discharged directly 
from the concentrator into drums, but where conditions warrant 
the treatment, a small amount of boneblack may be added to 
the hot refined glycerin and the whole thoroughly mixed by 
stirring, the utmost cleanliness being observed rheanwhile. The 
mixture is then filter-jiressed in a press reserved for this sole pur¬ 
pose and the clarified filtrate transferred to a storage-tank for ship¬ 
ment as required. This jjroduct is of a pale-straw cdlor and comes 
on the market as dynamite-refined glycerin, so-called from its chief 
use, viz., the manufacture of nitroglycerin which, in admixture 
with infusorial earth to impart body, is known to engineering and 
the arts as dynamite. Colorless water-white glycerin of the jiharma- 
co])a‘ia is produced by sub'.;equent distillation and clarification of the 
dynamite refined grade under conditions wherein all tendency to 
discoloration is eliminated. 

Utilization of Glycerin Foots.—In the processes of distilling glyc¬ 
erin generally employed when the distillation has reached the point 
where the glycerin ceases to come over there is left in the still a 
tarry residue resulting from the decomposition of the glycerin, 
and of organic matter accompanying the glycerin, which decom¬ 
position entails a loss varying from 5 to 12 per cent of the glycerin 
contained in the waste lye. 

This residue, commonly called glycerin foots, contains a large 
percentage of glycerin (33 per cent and over), but which cannot be 
distilled off in the ordinary way. (Ilycerin foots contains, in addi¬ 
tion to the glycerin, generally about 5 per cent of salt, from 20 to 
30 per cent of acetate of sodium, and from 10 to 15 per cent of 
sodium salts of non-volatile organic acids, together with some minor 
impurities. 

Glycerin is recovered from glycerin foots by transforming the 
sodium salts of organic acids into sodium salts of inorganic acids by 
treatment with mineral acid, commonly sulphuric acid. The pro¬ 
cedure of recovery is based on the fact that compounds of soda 
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and a mineral acid, siv:h as sodium sulphate or chloride, arc much 
more readily separated from soaj) lye, chemically j)iA ified and boiled 
down to Sf'dting-])oint, than the organic sodium salts which may be 
dec()m])osed by these mineral acids. 

The jjrocedure of' recoviTy is substantially as follows: The 
percentage of sodium carbonate which the glycerin foots will yield 
by combustion, which can be determined by incinerating a small 
portion of the glycerin foots, having been ascertained, the amount 
of sulphuric aci(^ which will be necessary to neutralize the sodium 
salt in the glycerin foots is calculated. I’liis quantity of sulphuric 
acid is added^ to the foots, together with wash water from the still, 
which meanwhile have been transferred by pump from the drop- 
tank beneath the still to a suitably located lead-lined tank. On 
the addition of the sul])huric acid to the mixed foots and water and 
with th()rough agitation the sodium comj)ounds of organic and 
inorganic acids therein are immediately converted into sodium 
suljjhate. During the reaction mud* heat is de\elo])ed and 
the organic matter is more or less carbonized. After standing 
a short time the mixture is allowed to run by gravity through 
coarse bag lilters, or it may be liltiT-j^ressed. I'he filtrate is 
then subjected to heat in a sj)ecially constructed cast-iron still, 
whereui)on the volatile organic acids, chiefly acetic, are exj)elled. 
Piva])oration may be continued as far as desired after this stage. 
The ])roduct, as a rule, is then transferred to the waste lye mixing- 
tank, the glycerin contained therein being added to that of the 
waste lye, and the whole purified by the usual treatment with sul¬ 
phuric acid and jxTsulphate of iron. 

In the practical ojieration of the crude-glycerin still it is found 
that it is not convenient to continue the distillation of the glycerin 
beyond the ]3oint where the glycerin foots contain from 50 tt) 60 
per cent of glycerin, because at this concentration the glycerin foots 
are sufficiently fluid to be readily removed from the still, whereas 
if the concentration is carried further the mass becomes too viscid, 
and if the distillation be carried to the point where the glycerin 
foots contain only 30 per cent of glycerin the mass becomes quite 
solid when cold. Besides in this last concentration the glycerin 
distils off very slowly, causing loss of heat. 
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Ganigues P^-ocess of Glycerin Recovery. — By a combination 
in sequence of various common chemical reactions, Garrigues has 
devised a ])rocess of treating waste lye preliminary to and during 
concentration whereby the volatile fatty acids arc claimed to a 
large degree to be eliminated previous to distillation. In the proc¬ 
esses hereinbefore described volatile fatty acids either escaped in 
the water of condensation used in concentration, or collected in the 
sweet-water condensed in the cooling towers of the distdling sys¬ 
tem which sweet-water was later concentrated and neutralized 
with soda-ash ])revious to distilling, or were set free from theiY 
alkaline salt by treatment with sulphuric acid in the particular 
treatment to which the glycerin “foots’’ was subje'eted. In our . 
study of this ]>rocess we will confine our attention first to its theo¬ 
retical consideration, and will then discuss in detail the con¬ 
struction and o])eration of the a})])aratus used. To learn what 
im])rovement is |)ossible over similar and prior proces-ses this 
process .should be studied in connection with the descrijition of the 
former. 

First. Neutralization of the free and combined alkalinity of the 
waste lye is effected by means of sulphuric acid. The in.soluble 
fatty acids before in solution as soa]) are hereby also set free. By 
the use of common alum as a clarifyiiig agent insoluble aluminum 
soa]) is })recipitated. ’I'he wa.ste lye thus treated under suitable 
conditions is then filtered. The soluble fatty acids remain in solu¬ 
tion and ])ass with the filtrate which is now concentrated until 
the residual liquor contains from 25 to *40 ])er cent of glycerin. In 
this ()])eration about eight-tenths of the chloride and suljihate of 
sodium crystallize out and may be se])arated in the usual way. 

Second. To the half-crude glycerin barium chloride is now added 
with the result that the sodium suljihate remaining in the half¬ 
crude is ])recipitated as insoluble barium sulphate. In addition 
any soajiy matter still present is decomposed and precipitated as 
an insoluble barium soa]). Now .sufficient .sulphuric acid is added 
to decom])Ose the greater ])art or all of the alkali compounds of 
the volatile fatty acids whereby the latter are set free and in turn 
are precipitated as insoluble barium compounds. The mixture is 
then filtered. Sulphuric acid is added only after the barium sul- 
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phate has, been produced in the liquid and not in such excess 
as to dccomi)ose tlie barium soap jilready precipit.'iled. 

Third. The half-crude glycerin thus treated is now reduced by 
evaporation to crude glycerin containing from 70 to go per cent of 
glycerin, where])y a more com])lete separation of salts is etTected, 
together with the elimination of the greater part of the volatile 
fatty acids in the condensing water. 

The term “volatile fatty acids” as here a])plied is used among 
chemists to meati such fatty acids as vaj)orize with water va])ors 
ai a temjjerature not exceeding 212° Fahr. These include acetic, 
butyric, caprylic, etc., acids. As the glycerin becomes more con¬ 
centrated in rtie remaining li(|uid by the eva])oration, a combina¬ 
tion takes place between some glycerin and ])art of the remaining 
volatile fatty acids. Hereby the glycerides of those acids are i)ro- 
duced which are ])resumably identical with the glycerides con¬ 
tained in the original fats, from which latter they were extracted 
during the j)rocess of making soaj). Therefore, it is not feasible 
to eliminate all the volatile fatty acids ])resent during one evaj):^- 
ration. 


Fourlh. The next sti-j) in the ])rocess is to distil olT the glycerin. 
At the high tem])eratun‘ necessary for doing this the glycerides of 
the volatile fatty acids contained in the liciuid would be again de- 
comj)osed into free fatty acids and glycerin. Both would distil, 
and .some glycerides would also distil unchanged. To avoid con¬ 
tamination of the distillate with the acids or glycerides, both of 


which are objectionable, sufticient soda-ash is added to the contents 
of the still. This combines with all the fatty acids j^resent no mat¬ 
ter whether they exist in the free .state or in combination as glycerides. 
Now the liquid is submitted to distillation, the glycerin ])asslng 
over and the fatty acids being retained in the still with some remain¬ 
ing salts. This is the case because the fatty acids are bound by 
the alkali and are now probably in their original condition in which 
they exi.sted in the lye. The distillation is continued until imictically 
all the glycerin has been di.stilled, the residuum in the still consist¬ 
ing, essentially, of sulphate and chloride of .sodium, the alkaline 
salts of the fatty acids just mentioned, and some coloring-matter 
from the fats, together with a .small (juantity of glycerin. This 
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residue is so small that it may be discarded, or, if deemed advisable 
to save the safts and the small amount of glycj^rin, it may be added 
to a fresh supply of waste lye and again put through the process. 

The insoluble fatty acids combined with alkali and in solution 
as alkali salts instead of being sejiarated out by the use of sulphate 
of aluminum may also be rendered insoluble by the addition of 
sufficient mineral acid, whereby said insoluble acids will be set free. 
'J'his would save the trouble and exyiense of Jorming aluminum 
soap; but unfortunately the free fatly acids present a mechanical 
difliculty during filtration, because they are sticky and soon clog 
the yiorcs of the filtering medium. For this reason ^e formation of 
an insoluble soap is preferable, because it permits of quick filtration. 

Theoretically considered the elimination of volatile fatty acids 
may be brought about if in the first trc'alment the waste lye is made 
acid to such an extent that the volatile fatly acids are set free in¬ 
stead of doing this later in the jiarlly-concentrated liquid. These 
would then jiass over wkh the water-vayxir during the subsequent 
evaporation of the licjuid. This yilan is ojien to physical objec¬ 
tion, because the dilute licjuid will froth violently during the evapo¬ 
ration if it contain free volatile fatty acids. However this does not 
take place if the acid condition of the li(juid is produced after the 
same has become more viscid due to a greater i)ercentage of glyc¬ 
erin therein after evaporating. Furthermore, the bulk of dilute 
liquid to be handled would be so great that it would not be easy to 
gel the recjuired conditions which are ^‘asily obtained when a small 
quantity of more concentrated liquid is to be treated. In addition 
thereto the waste lyes contain .some fatty acids which are sy)aringly 
soluble in water, but not readily volatile with water-vapor. If 
the dilute licjuid is acidified, then these fatty acids pass into the 
filtrate by virtue of .the relatively large amount of water yiresent 
in the dilute lye. If, on the contrary, a small bulk of concentrated 
liquid is ac’dified, then these acids are largely precipitated and 
removed in the .second filtration. The barium chloride above men¬ 
tioned is mainly added for the jiurpose of enveloping these fatty 
acids with sulphate of barium. The free fatty acids are less soluble 
in water than their barium salts. 

The distinctive features of this process of glycerin recovery 
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may be summarized as f.')llows: There is in the still'a very small 
amount of volatilo fatty acids in comparison to the* quantity of 
glycerin i)resent. As these volatile fatty acids are partly distilled 
with the glycerin even from an alkaline liquid, and as the larger 
the quantity in the stiir the more of them are distilled, it is ap¬ 
parent that this process greatly reduces the amount of fatty acids 
found in the distilled glycerin. In addition to this advantage it is 
claimiyl that the jmKess further increases the distilling cai)acity of 
a given distilling a])paratus. The rate of distillation is materially 
retarded by the j)resence of the alkali salts of the volatile fatty acids 
in the liquid tojje distilled. Furthermore, it is impossible to com¬ 
pletely separate the gl}’cerin from the alkali salts of the volatile 
fatty acids. Some of the fatty acids pass over into the distillate, 
and, on the other hand, some glycerin is reluined by the salts in 
the residue. The glycerin thus retained increases in mathematical 
I)roportion to the quantity of the salts of the volatile fatty acids in 
the still. By eliminating the volatile fatty acids almost entirely 
in this process previous to distilling the glycerin there is produced 
a residue so low in A’olatile fatty acid salts that the glycerin retained 
by them is trifling, and the residue may be economically discarded. 
The residues resulting from methods formerly practiced contain 
so much glycerin that they cannot be economically discarded and 
the glycerin has to be recovered therefrom by mixing it with fresh 
raw material. In some instances the residues contain 50 per cent 
of glycerin, which could not be distilled ofT conveniently, while 
by this j)rocess of treatment it is possible to distil oil practically all 
the glycerin. 'Fhere are also in the market residues from the evapo¬ 
ration of soap lye, from which the insoluble fatty acids, chlorides, 
and sulphates have been largely separated. These may likewise 
be treated by this i)rocess. In this case water is first added to the 
liquid, and the diluted liquid thus obtained is then treated with 
acid or chloride of barium and acid. The precipitate formed thereby 
is separated from the remaining liquid, the water and volatile acids 
evaporated, the residue made alkaline, as above described, and the 
glycerin distilled off. 

Operation of Crude Glycerin Plant, Garrigues System.— The 
practical operations involved in the preparation of waste lye for 
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evaporation by the Gai’figucs ])rocess, the theory of which has 
been dwelt upon fjrevioiisly, may be followed l)y re/erring to Fig. 
2)6, in which is shown a complete jdant for the jjroduction of crude 
glycerin. 

To the waste lye in the treatment-tank, to which the w^aste lye 
in measured amount has been transferred from the storage-tank, 
is added about one-half of one ]>er cent of suljdiate of alumina, 
or corfimon alum, .and sufficient sulj>huric acid to nearly neutralize 
the caustic soda and sodium carbonate present Agitate the con¬ 
tents of the treatment-tank by means of air introduced therein 
through a perforated coil (not shown) from the pipe 2.4, Fig. 216. 
Injection of air is effected by means of a Koerting exhauster, valve 
7 l)eing closed and valve 15 opened. After sufficient agitation of 
the treated lye, filter it into the feed-tank by starting the ])ump, 
previously opening valves 20, iS, and 21. 

With a su])ply of clc'ar lye ready for evajioration, the ojieration 
of the cva])orator may now be followt'd: Exhaust the air from the 
evai)orator by ojiening valve 2, Fig. 210, admitting water to the 
vacui’m-])ump and then starting the vacuum-|)ump. Admit clear lye 
from the feed tank into the evajiorator by ()])ening valve i, allow¬ 
ing the eva])orator to fill to just above the level of the tubes, after 
which close valve i. No\v admit steam into the tubi's of the evajjo- 
rator, and when boiling begins, again o])en valve i just enough to 
admit clear lye in sufficient volume to rejilace the decrease in volume 
by eva])oration, maintaining* thereby a constant level in gauge- 
gla.ss 31. Continue to feed clear lye in this manner until the con- 
centrated liquor begins to ajijiear heavy in the gauge-glass, at which 
stage it will contain about 40 ])er cent of glycerin. This reciuires 
about four hours, maintaining a steam jiressure of one j)ound in 
the tubes and a vacuum of 25-27 inches in the evaporator. 

When a satisfactory density of the concentrated licjuor has 
been obtained, shut off steam to the tubes and close valves 1 and 2; 
sto[) the vacuum-i)um]) and o])en valve 13, which breaks the vacuum. 
Open valve 3 and allow the hot concentrated liquor to dow into 
the salt-filter. Ncav 0[)en valves 4, 5, and 6 and pump the liquor 
to the settling-tank. When the liquor has drained from the evajio- 
rator, open the salt-door and transfer the separated salt from the 
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space beneath Jhc lubes lo the salt-filler. 'Draw the liquor from 
the salt in the filter to the settling-tank by meiMis'of the j)ump and 
finally slart the Koerling exhauster (valve J5 being cloMl'd, valve 7 
oj)enefl, lyicl valve 8 ])artJy ()])ened). lly this means a vacuum of 
about 20 inches is maintained beneath the body of salt in the filter, 
whereby the adhering liejuor elTectiKilly is removed and the salt 
dried. "^I'he air and liquor se])arate in the stand l>'pe, the liquor 
passing to the ])Limp and the air to the outside .through valre 7, 
Any froth that ]):!sses the standqfipe is sei)arated in the steam- 
separator and returns to the treatment-tank through valve 8. 

When the concentrated licpior, containing as stilted about 40 
])ercent of glycerin, has collected in sufficient volume n the settling- 
tank it is transferred to the treatment-tank and about one-half 
of one ])er cent of barium chloride is added, whereiqKm is formed 
a ])reci|)itate cons'sting of barium soaj), barium chloride, and barium 
su]j)hale. A iilti'red sample of the concentrated liquor, which may 
be called “half crude,” is now tested for volatile fatty acids by 
till' fi.lla.wing method: d'o lo grams of the samjile are added 140 
cubic ci'nt’meteis (f distilled water and one cubic centimeter of 
concentrated sidphuric ucid. Connect the flask with a J^'ebig’s 
condenser and ibstil off loo inibic centimeters. Titrate this volume 
with standard caustic-soda solution using phenoljihthalein as indi¬ 
cator. Calculate the organic acidity in terms of silphuric acid, 
and add the necessary quantity of sulphuric acid to the diarge 
of half-crude in the treatment-tank, vlt may be a.dded that this 
method does not measure the entire amount of volatile fatty acids, 
but the discrepancy is immaterial, for it is always on the safe side, 
thus avoiding an excess of free sulphuric acid in the half-crude. 
After thorough agitation of the charge of half-crude, iiroci'eding 
as clrrady cxjilaini d-in the licatmi nt of wa.ste lye, filler the charge 
into the feed-tank. Fill the evajiorator, as described before, with 
half crude, maintaining, however, with this material a steam-pressure 
in the tubes of about 20 pounds. During the second stage of the 
eiajioration, which is carried on until the level of the liquor in the 
gauge-glass remains constant, the volatile fatty acids arc expelled 
with the water.vapor, but not com]fietely. As the concentration 
()f the liquor increases, the volatile fatty acids remaining combine 
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with glycerin, and arc fclained by it in the form of glycerides. When 
a satisfactory degree of concentration has bec^ 1'eached the con¬ 
tents of t]]C evaporator are discharged, as before described, but at 
this stage,the concentrated licjuor is pumpecj to llie receiver. This 
liquor is crude glycerin containing about 85 j)er cent of glycerin. 
It is tested for total acidity by titrating hot with standard caustic 
soda, titrating back the excess of alkali with standard sulidiuric 
acid—^just the converse of the original test of the total alkafinity 
of the waste lye. The amount of a saturated solution of sodft- 
ash required^for neutralization is calculated and the same is added 
to the charge of crude glycerin in the receiver, the»jmiount being 
sufficient to render the mass slightly alkaline. The crude glyci^in 
is now ready for distillation. 

In the i)receding descrij)1ion reference has been made to the 
use of but one evaporator. Fig. 215, and its a])purtenant apj)aratus 



Fig. 216, in the jmoduction of half-crude and crude glycerin. In 
the factor}' installation two sets of a])paratus are used. Fig. 217, 
one devoted solely to the production of half-crude, the other to the 
production of crude glycerin; thus jjermitting continuous and 
uninterrupted production of the supjdy of material for distillation. 

Garrigues Double-effect Evaporator. —Inasmuch as the con¬ 
struction of the. single-effect evaporator, the o])eration of which has 
been already described, and that of the double effect, which will 
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n())v R-ci-ivc.‘ our altmtion, is j)raclii'a]ly llva' same, a description 
of the latter at tlii's i)laee will apply to both ty])es. 

The body of the evai)orator is of east inm, Fi^'S. 218 aod 219, 



P’ic. 218. Fio'it \’j( w of Doi 1 ) 1 «; I lTc( t, C () ivcitil>li.‘, V.uuiim Iwjiporator. 

with Ltsss U-sha[)ed heatinjptiibes sii])])()rted hori/oiUally within the 
evai)()rfitor, as shown in Figs. 215, and 217, ajul free to exj)and in 
the direction of the bends. 

The li(]uor to be evaj)orated surrounds the tubes, which are 
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raised high enough from the bottom to nuflee a chamber for the 
dei)o.silion of the seiKirated salt. A door at the. end serves for the 
removal of the .salt at the end of the run. • 

The uii[XT and lower Jt;gs of the U shai)ed heating-tubes connect 



with se])arate chambers, as .shown in .section in Figs. 215 and 217 and 
in persj)ective in the rear view of the eva]x)rator in 1^'ig. 219, whereby 
the steam enters the uj)j)er chamber and traverses the upper legs, 











598 


AMERICAN SOAPS, CANDLES, AND GLYCERIN, 


while the water of c6ndensation formed in the lower legs is dis¬ 
charged into thv3 lower chamber, where it is rcmo\Td to a steam- 
traj), or t6 a pump if it is desired to return the hot condensed water 
to the boilers. Each effect is provided with two catch-alls, through 
each of which in succession the vapor must pass and which 
effectually returns any entrained liquor to the effect from which 
it came. 

The double-wffect evaporator may be used as two single effects 
’vorking res])ectively on half-crude and crude glycerin, or as a 
double elTect for the production of half-crude in the first instance. 

In the reduction of jHirified waste lye to half-crude glycerin 
the aj)])aratus is worked ai a double effect in the following manner, 
referring to Figs. 217, 218, and 219. 

()j)en the large valve on the vapor-])i})C from the first effect 
to the steam chest of the second effect; also from the .second effect 
to the condenser or vacuum-pumi). Close the large valve on the 
cross vapor-jiipe and open the drain ]Si])e from the steam-chest 
of the second elTect to the vacuum-pumj). Start the vacuum-puinp 
with a little water to the condenser, which will exhau.st the air from 
both effects. The three small valves betwe(‘n the two effects at 
the salt - door end of each evaporator are rcs])ectively the feed 
for waste lye, the feed for half-crude, and the vacuum - breaker. 
Open the feed for waste lye and charge both effects until filled to 
the middle of the sight glass, which level is above the top of the 
heating-tubes. Turn on si'eani, j)rovision being made for both 
live and e.vhau.st steam. The lower large oj)ening in the .steam; 
che.st (see right-hand effect, Fig. 219) goes only to the first effect, 
the smaller j)i])e above leading down into the steam-chest is for 
live steam. The latter also has a branch to the second effect, enter¬ 
ing the large A'ap()r ])ipe below the valve and thus leading to the 
steam-chest of the second effect. 

When the liquor in the first effect begins to boil, the vacuum 
begins to fall until by the time the contents of the second effect begin 
to boil, the vacuum in the fir.st effect is only about 18 inches as 
comjiared with about 26 inches in the second effect. From this 
stage until the end of the run the vacuum in the first effect will 
gradually fall until, with steam at one pound pressure in the lubes, 
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about 12 inchc» are registered at the end.^ The vacuum in the 
second effect wiU remain fairly constant or may increase as evapora¬ 
tion proceeds and the liquor boils more slowly.* 

With the contents of both effects boiling, the feed valve is again 
opened, bift now the feed *is cut off from the second effect by an 
angle-valve on the feed-pipe entering that effect, a similar angle- 
valve on the fecd-i)i])e to the first effect being checked in order to 
maintain a constant level therein. The second effect is fed from 
the first effect through th(‘ small pipe bearing a valvt and connec ting 
the iWo effects at their adjacent sides, this valve also being checked 
in order to nKiintain a constant level in the second effect. 

Now check, the drain-pipe from the steam-chest df the second* 
effect leading to the vacuum-pump in order that only water of con¬ 
densation may be .removed from the steam chest. This water 
must be discharged to the vacuum-pumj) because there is the same 
degree of vacuum in this che.st as in the first effect and the water 
would not discharge againsjj. atmospheric jiressure. If it is desired 
to save this water it may be removed with a separate pump. The 
drain from the steam-chest of the first effect is di.scharged to a trap 
or feed pump, there being always a steam pressure at that point. 

With the apparatus maniiiulated as described, eva])oration 
should jiroceed regularly and at about the same rate in botli effects, 
the second effect being heated by vapor from the first and vajior 
from the second effect being discharged to the condenser. 'I'he 
vacuum-j)umj) maintains a vacuum in the second effect, while 
the partial vacuum in the first effect *s due to the conden-sation 
of the vapor from the first effect in the heating-tubes of the second 
effect. Therefore the vacuum in the finst effect falls as evaporation 
progresses, inasmuch as fresh lye is fed solely to the first effect 
and all the concentration takes place in the second effect. As 
the density of the liquor in the second effect increases, its boiling- 
point increases and its condensing power on vapor from the first 
effect is corresjiondingly reduced. 

The economy of double-effect evaporation, wherever it is prac¬ 
ticable, arises from the fact that only about 2 per cent, more heat 
is required to evaporate water in a vacuum of about t 6 inches as 
compared with a vacuum of 26 inches; and the temperature of 
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ihc vapor arising from Ihc liquor boiling in a vacuum of i6 inches 
ir. am})le in turn lo boil the same liquor in a vacuum of 26 inches. 
In round numbers" a jxmnd of steam admitted to the steam-chest 
of the iirst effect will eva])orate a i>ound of water in lluii effect and 
the vapor from this jvater in turn will’ evaporate another pound 
of water in the second effect; so that eva])oration by double effect 
consumes approximately about one half as much steam for the 
same work as Cvajjoration by single effect. Loss of lieat by radia¬ 
tion and in the'Vater of condensation from the steam chest of the 
Second effect reduces this pro|)ortion to a slight degree only. 

On the comi)letion of the run the licjuor in th(“ second effect 
will have attiined a glycerin content of about 40 jK'r cent. Steam 
is* then turned off and the vacuum is broken. Se])aration of salt 
is confined to the second effect, tlie density of the lifjuor in the first 
effect, not having reached the salling-i)oint. At this stage in the 
double-effect evajioration of waste lye, the second effect is manipu¬ 
lated as the single effect jirevioiisly described. 

In the n'duction of half-crude to crude glycerin it is inadvisable 


to ii.si‘ the double-effect system inasmuch as the separation of salt 
in the first effect seriously interfers with efficient exaporation. When 
an anqjle supiily of half-crude has been accumulated, each e\-ai)- 
orater is ojierated as a single effect with this material. To effect 
this change, the valve on the cross vajior pijie is opened and that 
connecting the steam chests of th(' two effects closed. Water of 
condensation from the steam chests of both effects is discharged 
to the traj) or feed-])um]),‘ the drain-valve lo the vacuum-pumi) 
being closed. 'I'here are now available two single-effect evajjorators 
working with oiw condenser and vacuum jium]) and each heated 
with live steam. These are ojierated preci.sely as the single effect 
already described for the ])roduclion of crude glycerin from half- 


crud{;. 


Garrigues Process of Glycerin Distillation.—This process of 
distillation by steam is claimed lo lie well adapted for .such licjuids 
as show a tendency to decompo.se jiartially when di.stilled directly 
or alone at normal pre.s.sure, as glycerin. Such liquids are di.stilled 
in a partial vacuum, whereby the boiling-point of the liquids is 
lowered in accordance with the degree of exhau.stion. ITey may be 
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distilled \v;th ateam or ac|uo()iis va])or, \vhi(^i carries over the distill¬ 
ing li(]ui(l mc|hanically at a lower temperature than the normal 
boiling ])oint, or l)o!h methods may be combined for the i>urj)ose of 
preventing a partial decom])osition of the li(|uids. In many instances 
it is desirable to use su])c*rheated steam. 'Khis is done for the ])ur- 
pose of distilling higher-ljoiling litjuids without ])artially deeom- 
posing them. 

Usually it is not feasible to completely concUmse th(“ water-vapor 
and the va]K)r from the distilling ]i(|uid si'])aralefy. Jn such cases 
if tlu‘ Ii(|uid is miscible >v'ith A\ater the water must be eva[)orated 
from the distillate to recover the distilled product water-free. 

by this ].)roec‘ss the heat of the va])or of the disTilling licpiid "is 
utilized for superheating the acpu'ous \ap:)r em])loyc‘d in the dis¬ 
tillation. d'he Use. of heat derived from this source is claimed to be 
a great imj)rovement, from the stand])oint of economy, over that 
obtained from steam as used in the pn-sent methods. 

(’ontining our attentic^n first to the theoretical asjnrts of this 
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process A\e will consider the a])j)aratus used and its mode of oj)era- 
tion, and will then consider the practical detailed ])rocedure of 
distillation. 

Apparatus. —The essential ])arts of the a])paratus by wliich this 
f)rocess is carried out are shown Iw the diagram in b'ig. 220 wherein 
A rej)ri‘senls the still containing the crude glycerin J 5 , which, by 
virtue of the ])artial vacuum in the distilling aj)])aratus, may be 
automatically fed into the still as required. I'he still may be healed 
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either by means of a steam-jacket or a closed steanr.-coil immersed 
in. the material to be distilled. These are not shown^in the diagram. 
A pipe C for introducing superheated steam into the still extends 
within the still, and, as shown, is provided with perforations C'. At 
the top of the still there is a goose-neck I), which connects with the 
sui)erhealer and condenser E wherein the distilled liquor is condensed. 
The condenser connects below with the receiver F, from which a 


])ij)e G leads to a surface condenser H wherein the water-vapor pas¬ 
sing through with'some vapor of the compound distilled is condensed, 
d'his condenser is in connection with a vacuum-pump /. The 
discharge of the vacuum-])ump connects, by means c'f a pipe J, 
with an open-ltank K, through which a ])ipe L, with a regulating 
valve I", leads into the evai)orator M. Within the evai)oralor there 
is a worm N which is heated by exhaust-steam from the vacuum- 


])ump. At the toj) of the evai)orator a ])i]x‘ O leads over to the super¬ 
heater E. On the lower part of the other side of this superheater 
the pi})e C, which delivers the suj)erhi'ated steam into the still, is 
secured. I'Yom this diagram it will be seen that the water-vapor 
is in cx)ntinuous circulation within the ai)])aratus, thus making the 


process a continuous one. 

Operation.-In the distillation of crude glycerin the liquid is 
fed automatically into the still, to Avhich external heat is applied. 


The air is next exhausted from the entire a])j)aratus by means of 
the vacuum-])ump. The eva])orator . 1 / contains sweet-water from 
a ])revious distillation which is heated by exhaust-steam from the 
vacuum-])um]) flowing throijgh the coil X. Under the reduced 
jjressure maintained in the a])])aratus by the oj)eration of the vac¬ 
uum-pump the sweet-water in the evaporator boils easily and vapor 
passes out through the })ipe O into the su))erheater and condenser E. 
Here it passes around the hot condeiiser-pipes FJ and is super¬ 
heated by the hot ghxxTin and steam-vapors passing through them. 
From the sui)erheatcr and condenser E the superheated steam passes 
through the pij)e C into the .still and is injected into the crude glyc¬ 
erin through the perforations C'. The steam thus injected cau.scs 
the hot glycerin to distil over through the goo.se-neck. The glycerin- 
vapor mixed with .steam-vapor passes now down through the con¬ 
denser-tubes E', located in the superheater. The water-vapors 
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arising from the* swccl-watcr in the cvaj)orat©r pass simultaneously 
around these tiflies and arc superheated there,^ whereby the tem¬ 
perature of the hot eondensing-vapors is reduced and tlx* glycerin 
condensed, which then droj)s down into the glycerin-receiver F, where 


it is collected. As the sweet-water vapor is saturated steam and 
generated in a vacuum, its temperature is considerably below 212° 
Fahr. The vapors coming from the still, however, have a temjxTa- * 
lure of about 325° Fahr., the heat of the still be^ng so regulated 
as to maintain the temperature of the vapors at about 325° Fahr, 
Accordingly there is a great difference of temperature between the 
condensing hot glycerin and steam-vapors coming fron^the .still and 
the sweet-water vapors coming from the evaporator. Naturally 
the sweet-water vaj)ors become superheated by passing around 
the condenser-])ipes £' within the superheater and conden.ser E. The 
va])or-j)assage from the evaporator through the .superheater E and 
perforations in tube or coil C must be of suflicient size to allow of 
maintaining practically the* .same vacuum in the evaporator and 
the .still. 

The heat of the vapors arising from the still is absorbed in the 
superheater by the watcT-vai)ors arising from the evaj)orator. This 
causes a condensation of the great ct j)art of the glycerin within the 
conrlenser-tubes F', from which it dro[)s into the glycerin-receiver 
F, which latter may be a plain tank. The glycerin here obtained 
is a fini.shed product. The water-v^apor which {)asses along with 
the glycerin vajjor, however, does not concjen.se in the tubes E' of the 
superheater. It ])a.sses along through the tube G into the surface- 
condenser H, which is externally cooled by water in the usual man¬ 
ner. Within the tubes of the surface-condenser all the steam is 
condensed together with some glycerin-vapors carried along. This 
li(juid is technically .called sweet-water. From the surface-con¬ 
denser the sweet-water drops down to the vacuum-pump and is 
removed by the latter to the open-top tank through the i)ipe J. 
From here the sweet-water [)asses into the evaj)orator, owing to 
the reduced pre.ssurc in the system by means of the evacuation. 
From the evaporator the water-vapors arise again and circulate 
through the system again in the described manner, whereby a con¬ 
tinuous circulation is created and a continuous process obtained. 
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The small quantity ol glycerin passing ove-r with the water-vapor 
gradually accumulates in the sweet-water evaporator M. When 
the accuTliulation is sufficient to justify it the valve V is closed, 
slopping the feed of sweet-water to the, evajiorator until the water 
therein has been evaporated from its contents. The glycerin re¬ 
maining in the evaporator is then removed and constitutes a fin- 
' ished i)roduct or may be further purified by redistillation. 

•By utilizing,, the water-vapors from the evaporator and super- 
iieating them by means of the hot vapors of the distilling glycerin 
and injecting the sujierheated vapor into the crude liquid, as de¬ 


scribed, a gr//at saving 


is (‘fleeted and at the same lime a continu¬ 


ous jirocess is obtained. 

Distillation of Crude Glycerin, Garrigues System.—The theory 
of the Garrigues process for the distillation of crude glycerin hav¬ 
ing be(‘n described, we may now consider the jiractical pro¬ 
cedure of distillation, referring for illustration to Fig. 221, in which 
is shown the construction and appurtenant apjiaratus of the still. 
Referring to the distilling-plant, Fig. 221, air is first exhausted 
from the entire system by means of the vacuum jiump. Cnide 
glycerin is then introduced into the still through the fi'C'd-valve on 


the side, a gauge-glass (not shown) indicating the level of the 


contents, which is maintained steadily at a little above the per¬ 
forated pipe in the still. The still having been charged, steam 
at upwards of 125 pounds jiressure is admitted into the heating- 
coils of the still. In the meantime the sweet-water evaporator has 
been charged with sweet-water from the previous distillation, the 
same being drawn from the storage-tank. I^ow-jiressure .steam is 
.supjilied to the tubes of the evaporator for which jjurjjo.se exhaust fnjm 
the jjump is available. The .sweet-water evajjorator is similar 
in construction to the crude evajjorator. When the sweet-water is 
brought t(j boiling, the vapor therefrom passes through the jjijje to 
the sujjerheater and thence t(j the jet-jjijje of the .still and escajjes 
Ihrcjugh the charge of crude glycerin ccjntained therein. The 
glycerin distills over, the catch-all, as .shown, serving to return any 
entrained liejuor to the still. The temperature of the vapcjr is 
maintained at ab(jut 320° Fahr., the c(jrresp(jnding temperature of 
the charge likewise being maintained by that jjorticjn (jf the heating- 






































6o6 


AMERICAN SOAPS, CANDLES, AND GLYCERIN. * 


coils immersed in il. I'lie hoi vapor from the'crude glycerin super¬ 
heats the steam tv(j 4 ved from the sweet-water evaporator to the 
degree that‘it imparls toil about 160° Fahr. of “su])crhcat,” so that 
il is delivered into the, still at a tem})er£,ture of about 300° Fahr. 
and at a vacuum of 24 inches. 

The abstraction of heat from the vapor of the distilling glycerin 
condenses a large part of ihc glycerin on the lube surfaces of the 
sujierhealer, which glycerin drojis into the first receiver. Il is 
ahliosl water-white, with a density of aliout 1.263. "The vapor now 
j)as.se.s to the glycerin-cooler, where it comes in contact with the 
external .surface of lubes through which warm water is circulated, 
the" temperature being maintained above 150 F'ahr., so that jirac- 
ticaliy no water is condensed. The density of the condensed liquor 
is about 1.250. I’he temperature of di.schargc of the water in the 
lubes, as indicated by a thermometer in the outflow, is maintained 
at about 190° by using more or less water feed as the conditions 
reijuire. Il is not desired that all the glycerin condense here, olher- 
v\i.se the volatile fatty acids which have escaped elimination in 
the crude glycerin-evajiorator would also condense and impart to 
die distillate a loo high acidity. Il is advisable for this reason 
to operate so that about 3 jier cent of the total glycerin will pass 
into the sweet-water condenser, where it, with all the steam that 
has been injected into the still, will be condensed by cold water 
circulated inside the tubes. 

The best distilling condifions arc rejire.sented by the proportion 
of two pounds of .steam injected into the .still per pound of glycerin 
distilled. Hence if the sweet-water contains 3 per cent of the total 
glycerin it should have a glycerin content of approximately 1.5 per 
cent. It is pumped from the condcn.ser as fast as it accumulates 
by means of the vacuum-pump, which discharges it into an open 
tank. As there is usually not sufficient sweet-water to keep a })ump 
properly sealed, it is advisable to have a small rcturn-i)ipe, as shown 
in Fig. 221, from the open tank to the pump-suction, so as to permit 
some of the sweet-water to maintain a continuous circuit through 
the pump. From the open lank the sweet-water is fed into the 
evaporator, as already described, where there is maintained a vacuum 
of about 22 inches. The glycerin content of the sweet-water increases 
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as evaporation proceeds; as the concentrail'd sw'cct-watcr possesses 
considerable Scidity redislillalion is neccssaiy; fgr the jireparalion 
of dynamite or the chemically pure grades of refined glycerin. 

Jnasrnuch as the cru^le glycerin obtained by the concentration 
of sweet-water w’ill contain about 9 per cent of water as compared 
with about 1 per cent in the “dynamite” glycerin, and as no water 
is lost in the circuit of operations, there will be a constant incrcastb 
of the volume of sweet-water in circulation. For each pound of 
glycerin contained in the swx'et-water, about 3 jiounds of glycerin 
are obtained from the crude glycerin distilled, so that the density 
of the licjuor in the sweet-water evaporator will i^ot exceed that 
corresjionding to a glycerin content of about 25 ])er cent. 'I'his 
liquor may be finally evaporated to an 80 jier cent crude to be, 
redistilled by shulting down the still, closing the valve on the pi])e 
leading from the sweet-water evaj)orator to the still and oj)ening 
the valve on the pijie connecting the said evajxirator with the sweet- 
water condenser. The aifiu'ous vapor cfindensed during this evapora¬ 
tion is discharged to waste by the vacuum pumj). A new run of 
the still may then be started by feeding ordinary water to the sweet- 
water evaporator until sweet-water begins to come over. However, 
iris better practice to emjity occasionally the contents of the sweet- 
water evaporator into the settling-tank of the crude glycerin plant 
and to feed the same into the still as required for distillation. 

In the o])eration of the still the best jiractice is to maintain the 
feed of crude glycerin at a constant lev^‘1 in the still, viz., just above 
the perforated jet-pijie, during the entire duration of the distilling 
jieriod, wdiich may be as long as 24 hours. The charge thin remain¬ 
ing in the still is withdrawn and transferred to the waste-lye treat¬ 
ment-tank, where the coloring-matter is again removed by chemical 
treiment and filtration as before described. 

Joslin Apparatus for Distillation of Crude Glycerin.—Fig. 222 
is a compound view of the glycerin distilling ajiparalus covered by 
the patent of Joslin and Schmidt; the heating-coils being .shown 
in })lan and other parts jiartly in .side elevation and partly in central 
vertical section. A rejiresents the outer shell of the still, which is 
supported upon feet a. The jiart A has outwardly-projecting flanges 

upon each end to form seats for the heads a- and a^, which are 
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secured to the shell A by bolts or screws passing through the heads 
ant^ tapped into l}ie outwardly-projecting flange. The shell A has 
cast integral with it an interior cylinrlcr . 4 ^ which is connected to 
the outer cylinder by partitions a* and also inwardly-projecting 
baffle-])lates a^. The heads a- and a'* have perforated bosses a® and 
a^, cast integral with the heads. These bosses form bearings for 
the hollow journals of the inner revolving cylinder B, one of the 
j)rotriiding journals being provided with a gear-wheel h, which 
meshes with the pinion secured u])on a driving-shaft IP, which 
shaft is also provided with tight and loose pulleys IP and lA, which 
are driven by a belt. 



Fig. 222 .—Glyccrin-btill (Joplin System). 


The hollow journals of the cylinder B have swivel-cou])lings 
upon their ends, to the inner one of which is connected the jjipe 
IP, which conducts the heating agent (preferably paraflin oil) from the 
heating-coil IP to the interior of the cylinder, and the other receives 
the pij)e IP, which conducts the heating agent from the cylinder to 
the jacket or chamber between the outer .shell A and the inner 
shell A^ and the partition a^. The heating agent is carried from 
the jacket through the pipe IP back to the coil IP to be reheated, by 
pump C. 

The cylinder B revolves in the glycerin, which is supplied to the 
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bottom of the cylinder 4^ through a pipe 6^°,J.he amount-being regu¬ 
lated by a cocli interposed in the pipe. The purpose of the lower 
jacketed space between the partitions is to ’prevent the heating 
agent froni coming in contact with that part of the cylinder jV 

which contains the glycerin and forming scale or decomposing 

and burning the liquid to be distilled. The liquid to be distilled 
is carried uj) in a thin film around the revolving cylinder and i^ 
met by a current of steam, which is superheated by pasdng through 
a cast-iron coil D, thence through the pipe t/, which has a return- 
bend within the terminal />’* of the coil The pipe d enters tKe 
cylinder by iTieans of suitable couplings through the head and 
the part of it within lh(' cylinder . 4 * is jierforated afong its entire 
length to discharge the steam against the cylinder and downwarclly 

in the direction of the li(|uid to be distilled. Hy jilacing the jier- 

forated pijie in the jiosition shown the jets of steam are discharged 
above the liijuid in the still, by which the foaming so objectionable 
is entirely jirevented. « 

The purjiose of the ba(Tie-jdates is to interrupt the current 

of steam which is admitted into the cylinder and deflect it against 
the li(|uid carried up on the revolving cylinder, and the purpose of 
jda-t'ing the steam-pipe inside of the terminal coil, through which 
the heating medium for the still jiasses, is to bring the steam to the 
same temperature as the coil or other heating medium before it enters 
the cylinder . 4 . 

In order to present a clean bright surface to the revolving cylin 
tier which carries u]) a film of the liquid to be evaporated, there is 
provided a thin blade f)r scra])er R, which is mounted upon a rod 
secured in the cylinder heads and bears wdth si)ring-pressurc against 
the periphery of the revolving cylinder B throughout its full length, 
thus j)reventing the formation of any scale or sediment upon the 
periphery of the revolving cylinder. Any sediment from the glyc¬ 
erin settling in the bottom of the cylinder may be drawn off or 
discharged through the ])ipe a^. 

In the still the glycerin carried up by the revolving cylinder is 
distilled and mingles with the superheated steam and both distilled 
over together through the ])ipe / to the bottom section of the sepa¬ 
rator F. The separator is composed of a series of flanged sections 
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/* each section having outwardly-projecting flanges, by means of 
which the sections are bolted together to form the separator/^. Each 

C I 

section has an inwardly-projecting shelf j~, which, with its up¬ 
wardly-extending llange p, forms an annular trough around the 
inner wall of the section. Each section is provided with a cap G, 
which extends over the inner w'all of flange /•’ of the gutter and is 
»sup]Jorted above the shelf j~ by feet or angle i)lates /', which are 
riveted ujk)!! the shelf and to the downwardly-cur\’ed flange of the 
cap G. Through the shelf of each section, but on alternate sides, 
IS a drip-])ipe the u])])er end of which extends to a ])lane slightly 
below the upper edge of the llange or inner w^all of' the gutter /* 
and above the lower (xlge of the ca[) G to form a seal and prevent 

I 

the escape of the vapor after passing through the glycerin in the 
shelves. 'I'he distillate entering the lower section is deflected by 
the cap G into the gutter. The glycerin being the heavier substance 
fills the gutter uj) to the top of the jiijie p. The unsejiarated vapors 
passing to the section above are again conveyed to the gutter until 
all the gutters are filled up to the to]) of the pipe p with the sepa¬ 
rated glycerin, after which tJie vajiors bubble through the layer 
of liquid in the troughs and the sejiarated glycerin overflowing from 
one trough to the other clri|)s into the cone shaped bottom of the 
separator and is then from there conveyed through a pipe p to the 
receiving-drum /". To the top of p of the sejiarator is .secured the 
condenser 77 , which consists of the pipe //, through which the escap¬ 
ing steam from the scjiarator is drawn, as shown, by the vacuum- 
pump J. The condenser is the cylinder 77 , surrounding this pipe 
/i, and through the jacket between the pipe and outer shell of the 
condenser a stream of cold water is run, entering at the ])ipc 7 d and 
passing out through the pipe /i-. The object of the conden.ser is to con¬ 
dense a portion of the escaping steam and return it to the toj) jilate G 
of the separator to keep it cool. The upturned bends of the jiijies P 
serve as traps to jirevent the vapor from jiassing uji through them. 

The heating-coils are arranged in a furnace-ivall (indicated in 
dotted line) with a grate below' to receive the fuel and an arrange¬ 
ment (not shown) by which the heat can be controlled, so that the 
heating medium w'hen it enters the revolving drum can be kept 
at any desired temperature. 
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Operation.—The operation of the appamtus is as fallows: The 
heating mediifin for the revolving drum (preferably parallin oil) is 
heated by the fire in the furnace, and the circulation is tyjpported by 
means of the i)umi) C, first through the heating-coils, then through the 
revolving drum, thence through the jackef around the drum, and 
back again to the heating-coils. The fire in the furnace is so con¬ 
trolled that the temperature of the heating medium as it entcfs 
the revolving drum is that found most suitable for the liquiiHo be 
distilled. The li(|uid to be distilled is now run into the cylinder . 4 ' 
forming a shallow layer at the bottom thereof. The drum revolving 
carries a th'in film of this liquid up, at the same time heating it to 
the distilling-jioint. The steam, which is jireferafily su[)erhea'ted 
to the temperature of the heating medium by passing through the 
coil D and the terminal of the coil F, passes in to the interior of 
the still over the surface of the drum, the contact of which is facili¬ 
tated by the bafilc-jilates and escajies, thoroughly saturated 
with the vapors of the distillate, through the pijie / to the separator 
F, I'his va])or, entering the lower sc'ction of the separator, passes 
through the various sections from the bottom to the top through 
the successive comjiartments. During this pa.ssagc the vapor is 
gradually dejirived of the valuable parts of the distillate until it 
leaves at the toj), steam only escajiing through the condenser II. 
A small portion of the steam only is condensed in the pijie h and 
flows back to the lop of the ujjper ])late, thus j)reventing the escape 
of any glycerin. ^ 

By means of this arrangement a distillate of any desired gravity 
can be drawn off from the bottom of the separator. 

Yield of Glycerin.—Tlie ])ractical yield of refined glycerin from 
stock saponified depends iqion varying factors, which have already 
been mentioned, and will range from 6o to 85 ])er cent of the theo¬ 
retical yield. The yield of concentrated jmxlucts from clarified 
waste lye de|)ends ujion the percentage of glycerin contained therein. 
Crude glycerin of good (piality should yield on distillation 80 to 90 
])er cent of half-relined glycerin; half-refined should yield on 
second distillation an amount of refined depending on the density 
of the half-refined glycerin. The yield of glycerin is estimated 
on the basis of stock killed; as slock yields in round numbers twice 
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its weight of- waste lye, ^figures thus derived from a stock-basis are 
pra-clically halved for waste lye. 

Glycerin: Origin,'Composition, and Properties.—Although glyc¬ 
erin may be found by chemical analysis in small amount mixed 
with glycerides that h&ve undergone more or less sjioiitaneous 
decomposition, and although it is jmxluced in small quantities 
(Spring the alcoholic fcTinentation of sugar, it docs not exist in nature 
as a distinct and separate body. It is a ])roduct of artifice and is 
formed from the L'lements of water and the basic trialomic portion 
of'salls of fatly acids when the salts are decomposed either by caustic 
soda in soap-manufacture, in accordance with the following equa¬ 
tion : * 


fine M()I(‘( ulr of 
Glucnl Stc.iratf 
or SU-iiriii. 


Tlirc'o 

At olci uk's of 
C'ciustii Soda. 


Onr Atolfculc Three Molceulcs 
of (ilyteryl of Sodium 
Jlydr.iie or Sleatate or 

(duiTol. Soaji. 


()C,sH; 55 () NaOH OH Na ■ C,kH;{502, 

C:iU:,( ) • C:, si I.c,<) + Na( )H - C.d I r,( )H -f Na • C,«! 

() Ci 8 H.j 50 NaOII ()H« Na-CisHjaOj, 


or by water as employed in the decomiiositioii processe.-, applied to 
slock in candle-manufacture and which may be represented by the 
following ec] nation : 


One Molecule of 
Ghteryl Slearatc 
or Stearin. 


One Molecule 

Three M ole<nles t)f Glvieryl Three Molecules 
of \\ atcr. JI\(Irate or of Stearic Acid. 

(*I\( erol. 


Qdl.O CisH.r.O + .s- H.OH V 
O CisH3,0 ( 11 -OH ) 


OH HC,sH,502 
C:dlr,OH-l-H.C,sH, 502 . 
OH HCisH.jsOa 


In soap-manufacture, according to the molecular weights of the 
reacting bodies, 8qo })arts of stearic acirl combine with 120 i>arts of 
sodium hydrate to form 92 parts of glycerol and gjS ])arls of soap 
(in the explanatory etjutilions the sotij) reitresented is that of stearin, 
typical of tallow), this being etpiivalent to a yield of 10.34 jiarts of 
glycerol and 103.14 jiarts of soap (sodium stearate) from 100 parts 
of stearin (tallow), indicating that the yield of products above the 
equivalent weight of soaj) is due to the absorption of the elements 
of sodium hydrate. The hydrogen of sodium hydrate has united 
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with the base glyceryl to form glycerol, while^hc remaining elements 
have combined ^'ith the liberated fatly acid to form sodium stearate 
(soap). * ^ 

In candfe-manufacture, according to the molecular weights of the 
reacting bodies, 890 parts of stearin combinervith 54 parts of water 
to form 92 parts of glycerol and 852 jairts of stearic acid, this being 
equivalent to a yield o*f 10.34 parts of glycerol and 95.73 parts o:^ 
stearic acid from 100 jiarts of stearin, indicating that the yield of 
products above the ecpiivalent weight of stearin is due to absorp. 
tion of the elements of water. The hydroxyl, OH, of water ha*s 
gone into stchric acid, while the remaining hydrogen, H, has com¬ 
bined with the base glyceryl to form glycerol. * 

Glycerin is a triatomic alcohol, hence in strict allegiance to chemi¬ 
cal phraseology it should be called glycxTol, the term glycerin being 
applied to its commercial forms. 

The comjiosition of crude glycerin has been already described 
Half-refined glycerin, which is the product of the distillation of 
crude glycerin, is of varying straw-color and density according to the 
quality of the crude and the care used in refining. Refined glycerin, 
which is the product of the distillation of half-refined glycerin, is 
of’pale-straw color, of var}'ing composition and density and w'hen 
below 1.26 in specific gravity at 15° C. is usually concentrated. 
In the following table are shown actual factory analyses of refined 
glycerin of dynamite grade which will serve to indicate the variation 
in composition of su^ierior products of this grade. 
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The suit is the last, residue of that originally u'J'ed to grain the 
s( 3 ap. Ash comprises salt, sodium sulphate, and so'Jium carbonate 
formed by^the ignition of sodium salts of fatty acids of undetermined 
composition. Carbonaceous residue comprises non-glyceYin matter, 
the organic portion o^r which constitutes the free and‘‘combined 
acidity which is expressed in terms of sodium oxide, Na20. Dyna- 
•mite glycerin discolors more or less on aging, according to the per¬ 
centage of organic impurities not removed in the refining process. 

Colorless glycerin of the pharmacopicia obtained by distillation 
and clarification from the dynamite grade is when of 1.265 specific 
gravity at 15° C., a imrc jiroduct. The British pharmaf'opicia (1898) 
requires of pure glycerin the following tests: It must be a clear, color-’ 
less, syrupy liquid of a sweet taste, inodorous, miscible with water 
and alcohol (90 per cent), neutral to litmus, insoluble in ether, 
chloroform, and fixed oils. Its specific gravity should be 1.260. It 
should yield no characteristic reaction with the tests for lead, cop¬ 
per, arsenium, iron, calcium, potassivm, sodium, ammonium, 
chlorides or sulphates, and no red ])rccipitate with excess of solu¬ 
tion of potassic-cupric tartrate on boiling, t'ven when previously 
acidified and boiled. It should undergo no (hirkening in color.at 
ordinary temperatures when mixed with an equal volume of solu¬ 
tion of ammonia and a few drops of solution of silver nitrate; and 
when shaken with an equal volume of sulphuric acid fthe mixture 
being kept cool) no coloration, or only a very slight straw colora¬ 
tion should result. When pmtly heated with a mixture in equal 
volumes of alcohol (90 per cent) and diluted sulphuric acid a fruity 
odor should not be ])roduced. If 2 cubic centimetiTs be diluted 
with 5 cubic centimeters of a mixture of 1 part of hydrochloric acid 
and 7 parts of water, 1 grm. of pure zinc being added, and the whole 
plased in a long test-tube, the mouth of which is covered by a piece 
of filter-paper moistened with a drop or two of test solution of mer¬ 
curic chloride and dried, it should not afford a yellow stain on the 
paper, even after fifteen minutes. When it is evaporated in an 
open capsule it should not leave any ash. 

Perfectly pure glycerin is a solid crystalline substance melting 
at 17° C. [22° C.] [36° C.], but the merest traces of impurities jirevent 
it from crystallizing. It is familiar as a thick, transparent, colorless 
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and odorless liquid, with a very sweet taste. It has a specific gravity 
of about 1.266 St 15° C. By cooling glycerin to —40° C. Berthelot 
could obtain it as an almost solid gummy mass. Win. Crookes 
gives an account in the Chemical News of Jan. 18, 1867, of 5 tons of 
glycerin imported into London from Germanv*in casks of 8 hundred¬ 
weight each, which, though when it left the continent it was in its 
ordinary state of a viscid liquid, was found on reaching London lOb 
have become solidified to a mass of very hard brilliant crystals. 
I'he same result was observed in Vienna in a mass of glycerin which 
had been in an iron tank for more than a year {Chemical News, 
Apr. 5, 1867)! The crystalline mass noted by Crookes yielded pure 
glycerin when melted. The same result was observed*by the author 
and others in Boston in the winter of 1898. A wooden barrel of 
dynamite-refined glycerin had been returned to the factory by a 
consumer who declared it unusable owing to solidification. The 
crystals when melted were of the same density as the original liquid. 
Sarg obtained glycerin in crystals by long exposure to the cold. 
The phenomenon, however, is exceptional. Crystallization takes 
place slowly and is greatly promoted even between o°-5° C. by the 
adtlition of a solid ciy^slal. Glycerin boils at 290° C., and this 
borling-i)oint is so constant that it has been recommended by Th. 
Gerlach for the ])urpose of fixing this point on high-temperature 
thermometers. 

According to Allen, however, a small addition of water, about 5 
per cent, lowers the boiling-point to tJ34° C. 

Unrler the action of dehydrating agents, or when distilled under 
atmos])heric pressure, as noticed in the offensive odor on extin¬ 
guishing the old-fashioned candle made of tallow, it decomposes 
into acrolein in accordance with the following equation: 

• C:,Hs03=-C3H40 + 2H20. 

Glyccnn. Acrolein. Water. 

When pure and anhydrous it ignites at 150° C. and burns gently 
with a ])ale-blue, non-luminous flame without odor or residue. At 
a temperature of 320° Fahr. glycerin dis.solves two-thirds of its 
weight of boric acid forming glyceryl borate C 3 H 5 BO 3 , which has 
been ])atcnted and finds application as a preservative agent under 
the name “boro-glyceride.” It unites with alkalis and alkaline 



6i6 AMeI^CAx'SOAPS, CANDLES, AND GLYCERIN., 


earths to form compounds soluble in water; of its many deriva¬ 
tives nitro-glycerin is the most important. In coA'tact with yeast 
and other, ferments under suitable conditions it is decomposed 
with formation of jiropionic and butyric^ acids. 

Glycerin is a most |)owerfLil solvent. It mixes in all proportions 
with water or alcohol, but is insoluble in ether, carbon disuljihide, 
fiicnzene, chloroform, and jietroleum spirit. It dissolves many 
substances, such as iodine, carbolic acid, mercuric iodide, and 

• • * • • t 

the alkaloids, more easilv than water does; it also dissolves sodium 
hydrate or caustic soda, oxide of lead, the suljihates and chlorides 
of ])otassium, sodium, and cojiper, all deliquescent .salts, and the 
vegetable acids. Its great aflinity for moisture adapts it to numer¬ 
ous uses in the arts. 'I'he water-absorbing ])ower is .so great that 
on exjiosure to the atmos])here glycerin will take up as much as 
50 ])er cent of its own weight of water. In contact with the skin, 
especially the mucous membrane', the sensation of heat is pro¬ 
duced from the abstraction of moisture.* 


The ])o\verful solvent ])ro])erties of glycerin, combining in this 
res])ect the ]jro])erties of alcohol and water, and thereby permitting 
the .solution of nianv substances with greater ea.se in glvcerin than 
in either water or alcohol alone, are shenvn in the following tablel 
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Friedel antf Silva clTcctod its synthesis fiom propyl(?ne chloride, 
which in turn* was made without the use of glycerin. Bcrthcbt 
has comljined it under suitable conditions with fatty^ acids and 
thus produced the glyceride. 

Nitro-glycerin.—The use of glycerin fh the manufacture of 
nitro-glycerin, which in turn forms the basis of dynamite and the 
high exj)losivcs used in engineering, absorbs the greater ])art of 
the production of this body. Its use in the manufacture of numer¬ 
ous other commodities is increasing and new uses are daily being 
found. However great the consumjjtive outlet in this direction 
may be, the use of glycerin in the manufacture of explosives will 
remain the chief and i)rimary one and will determine its value in 
the markets of the world. 

'J'hc interest of soap-manufacturers in the recovery of this body 
will extend to its first use as the raw material in the production of 
nitro-glycerin. The requirements of refined glycerin for nitration 
in the manufacture of nhro-glycerin are as follows: It must be of 
light yellow color and f)f specific gravity of not less than 1.261 at 
15° C.; CaO, ^IgO, Al^O^ and Fe^O.i must be absent; it must not 
become milky with AgN(J;{ solution indicating presence of chlorides; 
ofily minute traces of arsenic are tolerated; and it must contain no 
organic imjiurities beyond traces of lower fatty acids. The most 
satisfactory test of a refined glycerin for this purpose is the yield 
obtained on subjecting the sanifile to nitration. 

Nitro-glycerin is manufactured b}^ mixing glycerin with a mix¬ 
ture of nitric acid and sul])huric acid. Each of the materials used 
is the most concentrated that can be made, and the demand for 
large quantities of nitric and sulphuric acids and glycerin of the 
highest grades which has been created by the high-explosives industry 
has had a marked -c'ffect on the develojiment of the acid and glyc¬ 
erin industries. The acids are usually mixed in the proportion of 
3 parts by weight of suljihuric acid to 2 jiarts by weight of nitric 
acid, and they should contain 6t.q per cent of HoS()4 and 34.5 per 
cent of HNO.s, with not more than 0.7 per cent of N2O3. These 
previously mixed acids arc* sent out from the acid works in iron 
drums holding about 1500 jiounds, and this weight of mixed 
acids makes a convenient charge for one run in the nitro-glycerin 
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converter, ffom 210 lo*-23o pv)un(ls of glycerin .being there mixed 
with it. The reaction goes on between the glycerin*and the nitric 
acid, the s^^lphuric acid present serving chiefly to take up and retain 
the water which is one of the y)roducts of the reaction. When the 
reaction is completed tlfc materials are run into a tank, where they 
rest, until owing to their differences in sj)ecific gravity, the nitro¬ 
glycerin and spent acids form into se{)aratc layers; then the nitro¬ 
glycerin is run off into washing and purifying-tanks, and the acids 
are run off to be reworked. The dilute nitric acid thus obtained 
is sometimes used in the manufacture of ammonium nitrate for use 
in dynamite dopes. The diluted sulphuric acid is sorhetimes used 
in the manufacture f)f nitric acid, but is more often concentrated in 
iron pans, and, after being mixed with strong nitric acid, again used 
in making nitro-glycerin. Tliis spent acid averages in compo¬ 
sition-72 per cent of sulphuric acid, 10 per cent of nitric acid, and 
18 per cent of water. Theoretically 100 parts by weight of glycerin 
should yield 246 parts of nitro-glycerin, but in practice the yields 
are from 200 to 220 parts. 

Nitro-glycerin is used directly in torj)cdoes, which are cylin¬ 
ders holding 20 cyuarts each, for ‘‘shooting” oil wells. It also is 
used in medicine as a heart stimulant. The principal use of 
nitro-glycerin is in the manufacture of dynamite and blasting 
gelatin. 

Uses of Glycerin.—Glycerin is used in the arts either alone in 
virtue of its distinctive properties, or as a solvent ])ossessing wide 
range and powerful capacity, or as a substitution j)roduct. In 
medicine glycerin is used chiefly as a vehicle for ajiplying externally 
many substances to the skin. If applied undiluted it absorbs 
water from the skin, but in dilution its high penetrative power 
and affinity for moisture adapt it well for external application. It 
is used as a lotion, or as a basis for ointments in the treatment of 
wounds, sores, and bites of venomous insects. Large internal doses 
are liable to cause loss of muscular energy, lethargy, and even death. 
It is a constituent of a number of officinal fluid extracts. It is used 
for many purposes in pharmacy not only to prevent drying but 
decomposition as well. 

Its chief use in the arts is as a nitro-.substilution product in the 
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manufarlurc of he»\7 bxj)losivcs. It is uswf in gas-meters to pre¬ 
vent freezing; in hydraulic jacks for the same pprjK)se; to lubricate 
interior of,moulds; to prevent the shrinkage of wooden vessels; 
in clay-mgdeling and in artists’ colors to maintain softness; as 
a lubricant of delicate machinery; to preserve meats, fruits, candies, 
mustard and medicine;^as an ingredient and preservative of tobacco; 
in soaps and cosmetics; in the extraction of perfume from flowers;* 
to impart elasticity to paper; in the preparation of leather;* in 
photography; in the construction of mercurial manometers; as a 
solvent for certain aniline colors; in the preservation of anatomical 
and microsco])ical ])re])arations; in calico-printing; t^ prevent the 
rusting of instruments; in the production of artificial oil of mustard; 
in the jireparation of ciTtain cements, and of copying-ink and blot¬ 
ting-pads; in the manufacture of printers’ rollers; in rubber substi¬ 
tutes, and in brewing. The above list, while by no means intended 
to be complete, serves to indicate the great variety of uses to which 
glycerin is applied. 



CFIAPTER XV. 


‘ EXAMINATION OF RAW MATERIALS AND FACTORY 

PRODLT'TS. 


ExaTiiination of Raw Materials and Factory Products. Soda- 
ash. Determination of Total Alkali. Commercial Caustic Soda. 
Determii|ation of Total Alkali. Determination of Sodium Hy- 
« drate. Determination of Sodium I'hloride. Soa])-stock. Deter¬ 
mination of Moisture. DeterminatLm of Free Fatty Acids. 
Color and Odor. Me]tin!.,^-])oint. Alkali Absorj)tion. Unsaponi- 
• fiable Matter. Titre Test. Meltin,y[ ])oint of Fatty Acids. Rosin. 
Waste Soaj) Lye. Determinatitm of Total Alkali. Determina¬ 
tion of Free and Combined Alkali. Determination of Salt. De¬ 
termination of Glycerin. Hichromat(*‘-oxidation Method. Acetin 
Method. Examination of Products Obtained in the Recovery 
of Glycerin. Alkalinity of Glycerin "Foots.” To Test Recovered 
Salt for St)dium Chloride. Determination of Sodium Chloride 
in ('rude Glycerin. Refined Glyeerin. Specific Gravity. Salt. 
Ash. Carbonaceous Residue. AcidiU', Color. Characteristics 
of Dynamite-refined Glycerin. Nitratinj,^ Test. Determination 
of S])ceific Gravity by the Hydrometer. Examination of Soap. 
M(ji.sture. Mixed Fatty Acids. Total Alkali. F'ree Alkali. Alka¬ 
line Residue Insoluble in Alcohol. Silica. Insoluble Matter. 
Rosin. Fatty Acids. iVtermination of lodin Absorption. Glyc¬ 
erin in Soap. Chlorides and Sulphates. Statement of Results- 


Examination of Raw Materials and Factory Products.— The 

chemical and physical examination of the raw materials, of the vari¬ 
ous products obtained in the course of manufacture, and of soaps 
which it is desired to duplicate or for any reason to learn their com¬ 
position, con.stitutes the general work of the factory chemist en¬ 
gaged in the soap-industry. While it by no means is intended to 
pre.sent an exhaustive examination of the analytical methods com¬ 
monly employed for this purpose, which would be within the prov¬ 
ince of a work on chemical analysis, of which there are numerous 
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treatises, it is entirely within the scope of The present work to de¬ 
scribe the corSmon tests and methods of exanjing,tion employed in 
a soap-factory laboratory. Many of'these tests are 4ised in all 
factories that make any jjretcnse to technical scrutiny of factory 
work; many arc omitted as non-essential; while in many factories 

no attention whatever is ])aid to chemical analysis. Where the 

* ■' 

last condition prevails small-scale procluction is the rule. A chemf- 
cal laboratory and competent direction therein a^e now reco^ized 
as an indispensable adjunct of every well-equipped plant. In ijie 
following sections it is proposed to present the more common tests 
that are used in the examination of the raw materii^ls and factor 
products of soap-manufacture. , 

Soda-ash. Determination of Total Alkali.—The examination of 
soda-ash comj)rises chiefly the determination of sodium carbonate 
to ascertain the grade purchased. It may also be examined for sodium 
chloride, which, as has already been seen, exists in considerable 
amount in low-grade ash? In the chemical analysis of the various 
products to be enumerated it is presumed that the ditTerent standard 
solutions, such as semi-normal sulj)huric acid, semi-normal caustic 
sc/da, tenth-normal silver nitrate, etc., are prepared and kept in a 
.strfte of accuracy. Procedure: Weigh i to 2 grams of soda-ash into 
a 500-cubic-centimeter flask and add about 200 cubic centimeters 
of distilled water and a few drops of phenolphthalein as indicator. 
Run in from a burette an excess of semi-normal sulphuric acid and 
boil to expel all traces of carbonic aci^l gas. Titrate the excess of 
standard acid added with semi-normal caustic soda. The value of 
either solution is known in terms of the other and in terms of the 
various com[)ounds of the caustic alkalis. The weight of sodium 
carbonate corresponding to the number of cubic centimeters of 
semi normal sulj)huric acid re(juired to neutralize it is divided by 
the weight of soda-ash taken, which gives the percentage of actual 
anhydrous sodium carbonate in the sample of soda-ash. 

Commercial Caustic Soda. Determination of Total Alkali.— 
Weigh 3 to 5 grams of the sample into a t 00-cubic-centimeter gradu¬ 
ated flask; dissolve in distilled water and make the cooled solu¬ 
tion up to the .mark with additional water. Titrate an aliquot por¬ 
tion, say 10 cubic centimeters, proceeding as described in the de- 
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tcirnination of ihc total alkalinity of soda-ash. ' Express the percent¬ 
age of total alkali in, terms of sodium oxide NaoO. 

Determination of Sodium Hydrate.—Weigh out i to 2 grams of 
the sample in a loo-cubic-cenlimeter flask and dissolve \n a con¬ 
venient amount of distilled water. Precipitate with hot barium 
chloride (10 per cent aqueous) solution. Qool the solution and 
make up to the mark with distilled water. Allow the flask to stand 
until'the prccij)itate of barium carbonate has subsided thoroughly. 
Filter the supernatant liquid and titrate any convenient number 
of cubic centimeters, say 10, with semi-normal hydrochloric acid. 
Standard sul])huric acid cannot be used as barium sul})hatc is in- 
soliuble. Calculate the number of cubic centimeters of standard 
hydrochloric acid used in terms of sodium hydrate and divide by 
the weight of the sample taken. I0x])ress the percentage as .sodium 
hydrate in terms of sodium oxide. 

Determination of Sodium Chloride.—Dissolve a weighed por¬ 
tion of the sami)le, 2 to 3 grams, in an accurately measured volume 
of distilled water and transfer 10 cubic centimeters to a ])orcel'un 
dish 4 inches in diameter. Dilute the 10 cubic centimeters to a con¬ 
venient volume with distilled water and neutralize, using dilute 
nitric acid and sodium carbonate solution, with iflicnolphthalein 
as indicator. When neutral add a few drops of potas.sium chro¬ 
mate as indicator and titrate to the aj)]jearancc of a permanent 
reddish coloration with tenth-normal silver nitrate solution. Each 
cubic centimeter of the silvir nitrate solution will contain 0.017 
grams of silver nitrate which will j)recipitate 0.0493 Kearns of so¬ 
dium chloride in accordance with the following proi)ortion: 

AgNO3;NaCl::0.017 :a*; a'--0.04927. 

170 58.5 

Multij)!)’the number of cubic centimeters of silver nitrate solution 
used by its value in sodium chloride and the result by the aliquot 
part of the whole solution used; divide the result by the weight 
of the sample taken which will give the percentage of sodium 
chloride. 

The results of the determinations may be summarized as fol¬ 
lows, taking an actual analysis as an example: 
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Total alkali as Na20.. 69.55 P^r cent 

Sodium hf’dralc as Na20.61.72 “ “ 

Combined alkali as Na20 (by difference).*. •7.83 “ “ 

Sodium chloride. 9-4° “ 

• • 

To express the complete results in a final form it is necessary 
to transform the sodium hydrate as Na20 into sodium hydrate as 
NaOH, and the combined alkali as Na20 into combined alkali as 
Na2C03, which done we hayc the following report: * 

• 

Total eJkali, Na20. ^^ 9-55 P^'*’ cent 

Caustic,alkali, NaOH. 79.^4 “ “ . 

Carbonated alkali, Na2C03. 10.92 “ “ • 

Sodium chloride, NaCl. 9-40 “ “ 

Undetermined. . 

Judging from the aboye^ report this caustic soda is of practically 
70° (juality. 

Soap-stock.—Samples of animal-stock are as a rule collected 
at the bung of the container by means of a sampler which may be 
inserted into the contents in yarious directions to observe any varia¬ 
tion in (juality. A samjjle is commonly taken from each barrel of 
the lot and the whole well mixed to insure uniformity of compo¬ 
sition. If the individual sam})les differ greatly in (juality it may 
be necessary to heat the mass to incijiient fusion to insure uniform¬ 
ity. Samples of li(iui(l-st()ck may b(? collected by means of a lye 
sampler, which consists of a tube, one end of which may be closed 
or o|)ened by- means of a ball attached to a wire and controlled at 
the opposite end. 

Determination of Moisture.—lu)r this purpose a hot closet main¬ 
tained at a constant temperature of 105° C. by means of steam or 
other agent is necessary. From 3 to 5 grams of the well-mixed 
samjde are weighed into a tared, shallow porcelain dish (No. ii 
*6173; Eimer and .•\men(rs Catalogue). The weighed sample is 
placed in the hot closet and maintained at a temperature of 105° C. 
for one hour, after which it is removed, cooled and weighed. The 
loss in weight divided by the weight of the sample taken gives th? 
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percentage df moisture i])rcscnt. With stock charadterizcd by the 
presence of fatty acids of low molecular weight, such as cocoanut and 
palm-kernel^oils, care should ,be taken to sec that the loss in weight 


does not arise from their volatilization. With stock containing un- 

4^ r 

saturated fatty acids, suL‘h as cottonseed-oil, which is as a rule practi¬ 


cally free from water, the sample may increase in weight from 


Otxidation. With animal-stock the i)rcsencc of hioisture is frequently 


considerable and an allowance for same is commonly made when 
present over an agreed amount. 

* Detenninadon of Free Fatty Acids.—Aside from the titre test 


and the observation of color and odor the determination of the fre.* 


acidity is the most imjiortant test apjdicd to soap-stock. As has 
been alreadv discussed, it indicates the value of the stock as a source 
of glycerin as well as the origin of the stock and the care used in 
rendering. Owing to the greater activity of decomposition in sum¬ 
mer than in winter, a higher ji'crcentage of free fatty acid may 
be expected during the former season, as i> shown in the following 
table of determinations made on the stocks mentioned during the 
respective seasons: 


.Soaji-stock. 

Tallow. . .. 
Bone-stock 
Grease. . . 


PcT Crnt of Fht Fatl_v At ids. 
Summer. Winter. 

■ - 7-^5 5-^5 

.. 10.68 6.64 

.. 18.03 7.49 


In the procedure of the determination the .samjile is heated to fusion 
and 5 cubic centimeters are \ran.sferred tt) a 250-cubic-centimcter 
wide-mouthed Krlenmeyer flask. Add about 50 cubic centimeters 
of 95 per cent neutral alcohol and in.scrt in the mouth of the flask 
by means of a cork a long gla.ss tube to .serve as an air return-flow 
condenser. Heat the fla.sk on the .steam bath for five minutes. The 
determination is ba.sed ujion the jiractical in.solubility of neutral 
glycerides in ah'ohol in which the free fatty acids dissolve readily. 
When solution is comjilete remove the flask from the steam-bath 
and detach the condenser. Add a few drops of phenolphthalein 
as inflicator and titrate with semi-normal caustic soda. To a.scer- 
tain the percentage of free fatty acids multiply the number of cubic 
Qcntimetcrs of semi-normal caustic soda required for neutralize- 
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lion by the value of i cubic centimclcr in terms of oleic acid and 
divide the result by the weight of stock used. 

Color and Odor.—The color and odor of, ayy given sample 
are important indices of its quality and should never b« neglected. 
()bservati!)n of these qualities, combined wijh that of the body and 
grain, comf)rise the sole tests applied to the greater j)art of all animal- 
stock boughj. and soldi Marked odor and color are generally asso¬ 
ciated with high free acidity. The body or firmness of the stock 
corresj)onfling to its litre indicates its quality to, carry rosin^ and 
hence the yield of soa]). The grain es[)ecially noticeable in warjn 
weather indicates roughly the relative j)ro])ortions of solid and 
liquid glycerides. A careful study of these properties is indis])en- 
sable to every careful buyer of stock. , 

Melting-point.—The term ‘'melting-point,” as usually employed,. 
means the tc'mperalure at which a globule of fat taken from the 
.samj)le bc'comes transparent. This temperature, however, varies 
under different conditions, dejiending chiefly u})on the initial tem¬ 
perature of the fat-disc, the time during which the temperature of 
the disc of fat is raised until it is globular and transparent and the 
cpnsistency of the fat. The melting-j)()inl is considered to be that 
tejnjierature at which a thin disc of fat, when freed from the attrac¬ 
tion of gravitation, assumes a jiractically sj)herical state. Where 
a large number of determinations are made daily the ajiparatus 
devised by Wiley is arranged so that one attendant can conduct 
at least six determinations at once, the air re(]uired for agitating the 
water-bath being supplied by a smaH air-pumf). 

Wiley’s method may be described as follows: 

Preparation of Reagents.— {a) A piece of ice floating in distilled 
water that has been recently boiled. 

{h) A mixture of alcohol and water of the same specific gravity 
as the fat to be examined. This is prepared by boiling distilled water 
and 95 ])cr cent alcohol for ten minutes to remove the gases which 
they may hold in solution. While still hot the water is poured into 
the test-tube tlescribed below until it is nearly half full. The test- 
tube is nearly filled with the hot alcohol, which is carefully poured 
down the side of the inclined tube to avoid too much mixing. If 
the alcohol is not added until the water has cooled, the mixture will 



626 AMERICAN SOAPS, CANDLES, AND GLYCERIN. 

' I 

» I 

contain so many air bubbles as to be unfit for use. .These bubbles 
will gather on the disc of fat as the temperature rinses and finally 
force it to the top.» 

Apparatus.—The apparatus for determining the melting-point 
consists of an accurate^ thermometer reading easily tenths of a de¬ 
gree; a cathelometer for reading the thermometer (but this maybe 
done with an eye-glass if held steadily and pro[)erly adjusted); 
a thermometer; a tall beaker 35 centimeters high and 10 centi- 
metevs in diameter; a test-tube 30 centimeters long and 3.5 centi¬ 
meters in diameter; a stand for supporting the apjiaratus; some 
method of stirring the water in the beaker (for examj)!'*, a blowing 
bulb of rubber and a bent glass-tube extending to near the bottom * 
of the be.aker). (See Fig. 223.) 

Determination.—'Fhe discs of fat are ])repared as follows; The 
melted and filtered fat is allowed to fall from a dropping tube from 
a height of from 15 to 20 centimeters on a smooth jiiece of ice float¬ 
ing in distilled water that has been recently boiled. The discs 
thus formed are from i to 1.5 centimeters in diameter and weight 
about 200 miligrams. By ])ressing the ice under the water the discs 
are made to float on the surface, whence they are easily removed 
with a steel spatula, which should be cooled in the ice-water before 
using. 

The discs must be allowed to stand for two or three hours, in 
order to obtain the normal melting-point. 

The test-tube containing the alcohol and water is placed in a 
tall beaker containing water and ice until cold. The disc of fat is 
then dropped into the tube from the .spatula, and at once sinks 
until it reaches a part of the tube where the density of the alcolu)!- 
waler is exactly equivalent to its own. Here it remains at rest and 
free from the action of any force save that inherent in its own mole¬ 
cules. 

The delicate thermometer is placed in the test-tube and lowered 
until the bulb is just above the disc. In order to secure an even 
temperature in all parts of the alcohol mixture in the vicinity of the 
disc, the thi'rmometer is moved from time to time in a circularly 
pendulous manner. 

The disc having been placed in position, the water in the beaker 
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is slowly heated and kept constantly stirred by means of the blowing 
apparatus alraady described. 

When the temperature of the alcohyl-water mixture rinses to about 
6 ° below*the melting-point, the disc of fat begins to shrivel and 
graduallj^ rolls uj) into an* irregular mass. • 

The thermometer is now lowered until the fat particle is even 
with the cejiter of thrti bulb. I'he bulb of the thermometer shoukl 
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be small, so as to indicatv only the temperature of the mixture near 
the fat. A gentle rotatory movement should be given to the ther¬ 
mometer bulb. The rise of tempeniture .should be so regulated 
that the last 2° of increment require about ten minutes. The mass 
of fat gnidually a])i)roaches the form of a .sphere, and when it is .sen¬ 
sibly .so the reading of the thermometer is to be made. As soon 
as the tem[)erature is taken the test-tube is removed from the bath 
and placed again in the cooler. A second tube, containing alcohol 
and water, is at once placed in the bath. The test-tube (ice-water 
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having been used as a 9oolcr) is of low enough temperature to cool 
the bath sufficiently. After the first determination,, which should 
be only a trial, tlfb temperature of the bath should be so regulated 
as to reach a maximum of about 1.5° above the melting-point of the 
fat under examination. ♦ * 

The edge of the disc should not be allowed to touch the sides 
qf the lube. This accident rarely happens, l>ut in case it should 
take place and the disc adhere to the sides of the tube a new trial 
shoufd be made. * 

‘ Alkali Absorption.—Weigh out 2 to 3 grams of the well-mixed 
sample into a 250-cubic-centimeter wide-mouthed Erlenmeyer flask. 
Add from a lAirette an accurately measured quantity of alcoholic 
potash solution sufficient to sajionify the weight of fat used and to 
leave some excc'ss. Insert the air condenser used in the free fatty 
acid determination and place the apjiaratus on the steam-bath. Heat 
with occasional shaking until assured of complete saponification, 
which ensues rapidly and is indicated by g clear solution. Remove 
the condenser, add a few drops of phenolphthalein as indicator 
and titrate the excess of caustic potash with semi-normal sulphuric 
acid. Ascertain the value of the alcoholic potash solution (25 
grams KOH i)er litre of distilled water) in terms of the si‘mi-norrnal 
sulphuric acid solution by titration. Transform the amount of 
alcoholic potash solution used into its equivalent t)f semi-normal 
sulphuric acid. From this figure subtract the number of cubic 
centimeters of semi-normal sulphuric acid used to neutralize the 
excess of potash. The resifit is the amount of alcoholic potash 
required to saponify the stock in terms of semi-normal sulphuric 
acid. This can be expressed directly in grams of NaOH or KOH, 
which figure divided by the weight of the sample taken will give 
the percentage of caustic alkali absorbed. If the percentage of 
caustic alkali absorbed is below the amount usually absorbed by 
stock of the general quality examined, the nature and amount of 
the inert or unsaponifiable matter must be determined. 

Unsaponifiable Matter.—^This determination may be made 
either (a) with a fresh sample or may be made a (b) continuation of 
the determination of the percentage of caustic alkali absorbed. 
By the former method (a) saponify 5 grams of oil or fat with alco- 
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holic potash arid remove the alcohol by etjaporation. • Wash into 
separatory funnel with from 70 to 100 cubic centimeters of water 
and extract with from 50 to 60 cubic cyntimetefs df ether. In case 
the two liquids do not separate a few cubic centimeters of alcohol 
may be a*dded. Separate* the water solutiem and wash the ether 
with water containing a few drops of sodium hydrate. Again 
extract the «oap solution and washings with ether and evaporate; 
the combined extracts to dryness. In most cases it is advisable 
to add a little alcoholic potash to the residue and*hcat in order to 
saponify any traces of fats left unsaponified and extract again witli 
ether. Transfer to a weighed dish and dry as quickly as possible 
in a water oven. * 

Many of the hydrocarbon oils are volatile at too° C., so that the 
diy'ing should not be carried any further than necessary. 

On account of the solubility of soaj) in ether and ])etrolcum ether 
it is well to wash the residue with warm water containing a little 
])henolphlhalein. If it shcwvs alkaline reaction there is soap present. 

by the latter method (b) evajioratc the contents of the Krlen- 
meyer flask to dryness. Break the residue into small particles 
with a glass-rod to facilitate extraction with petroleum ether which • 
is then added. The air-condenser is then inserted and the residue 
is extracted on the steam-bath. When assured of complete extrac¬ 
tion remove the flask from the steam-bath and cool; then filter the 
extract into a tarri'd beaker and evaporate the filtrate to dryness. 
The residue thus obtained is the unsa])onifiable matter. If lime 
soap is present this may be ascertained by treating a sample of 
the stock with dilute sulphuric acid, whereupon a precipitate of 
calcium sulphate is produced. The presence of lime may be con¬ 
firmed by the ammonium* oxalate test. 

Foreign matter, animal tissue, etc., may be determined by ex¬ 
tracting a weighed jiortion of the sample with petroleum ether, 
whereupon all the fatty matter dissolves. Filter the extract (through 
a tared filter) and wash the residue on the filter free from all traces 
of fat with petroleum ether. Upon drying and weighing the residue 
thus treated the percentage of foreign matter may be ascertained. 

Titre Test. —^The titre or maximum temperature reached during 
the process of crystallization of the fatty acids is an important te§t 
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for the commercial va^^aation of fats. The method as recommended 
by Wolfbauer is as follows: 120 grams of the fat rre melted in a 
beaker at a temi 5 erd:ture but slightly above its melting-point, mixed 
with 45 cubic centimeters of caustic potash solution (1250 grams 
of caustic potash in i litre of water), and'stirred until the I’at is com¬ 
pletely emulsified. It is then covered and kept at 100° C. for two 
hours, being occasionally stirred. A small 'portion is then tested 
by Avarming with alcohol (50 per cent) to ascertain whether saponi- 
ficat'on is complete, indicated by a clear solution; otherwise, it must 
be replaced in the bath and there allowed to remain until this is 
accomplished. ■* 

The soap 'is now decomposed by boiling with 165 cubic centi- 
m6ters of dilute sulphuric acid (sp. gr. = 1.142=-18° Be.), prefer¬ 
ably done in a silver dish, and continued until the free fatty acid 
risers to the top as a perfectly oily layer. The silver dish is then 
covered with an evaptirating dish filled with cold water to check 
the evaporation. The aqueous solution,is then completely drawn 
off, and the fatty acid wa.shed by boiling one-quarter of an hour 
with dilute sulphuric acid (5 cubic centimeters of concentrated 
sulphuric acid and too cubic centimeters of water). After settling 
and removing the dilute acid, it is boiled with 100 cubic centimeters 
of pun* water, this la.st being rejieated should the washings taste 
distinctly acid. It is then dried in an open dish at 100° C. for two 
hours. 

Only fatty acids obtained as above can be considered sufficiently 
pure and dry to be used for the determination of the freezing- 
point. 

In the determination proper the following apparatus is em¬ 
ployed: A thin-walled test-tube, 3.J centimeters by 15 centimeters 
is fixed by means of a cork in a suitable bottle. A Centigrade ther¬ 
mometer, extending from 1° to 60°, and graduated in fifths of a 
degree, is fixed in the test-tube by a second cork, which must be 
sufficiently loose to jiermit of an easy stirring of the contents of 
the tube with the thermometer. As the thermometer should be 
as .short as possible, its scale is shoriened by an enlargement blown 
in the bore in the interval between 2° Jind 28.° The amount of 
mercury above the surface of the fatty acid is thus diminished, and 
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a very appreciable, error (a lowering of the* freezing-point) is con¬ 
sequently avoiefed. 

To accomplish the determination the lest-tuV' *s fillc^l to within 
I centimeter or centirnelers of the top with the melted fatty 
acid, the thermometer immersed in the li(fuor to about the 35°, 
mark (when the instrument should clear the bottom of the tube by 
about 4 or ^ centimeters), and the litpiid stirred until it becomes 
quite opaque, and partial solidification sets in. Care should be 
taken at this point that the thermometer be not more deeply 
immersed, and after stirring ra[)idly in a circle ten more times 
the thermometer is allowed to stand. The mercury now begins 
to rise in consequence of the latent heat liberated from the 
solidifying fatty acid; the highest temperature noted may be taken 
as the freezing-poiht. 

The reading of the- thermometer should be corrected for its 
inherent errors, previously determined. Its zero jioint should also 
be redetermined from tinfc' to time. 

Each freezing-point determination should be repeated, and 
the difference between the two should not exceed o.t° C.; as a rule, 
it‘will not exceed 0.05. 

■ The use of narrower test-tubes than above prescribed, as well 
as lack of attention to other details, genenilly leads to low results 
as a so-called “oA’cr-cooling” always appears in the passage from 
the liquid to the solid state. 

Relative to variations in the procedure it may be stated that 
saponification of the fat may be effected either by the use of an 
aqueous or an alcoholic potash .solution. A variation in the length 
of time of saponifying does not influence the final result. 

Regarding the minimum length of time necessary, it varies with 
different fats—slightly rancid fats requiring less than fresh fats, some 
of the former undergoing even spontaneous saponification on being 
mixed with the caustic potash. As a rule, however, for fresh fats 
two hours is amply sufficient, provided the fat was not melted at 
too high a temperature, and that, after adding the caustic potash, 
a perfect emulsion was obtained by a vigorous stirring. 

Comparative tests have shown most conclusively that by in¬ 
creasing the amount of water in a fatty acid the freezing-point is 
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lowered, artd vice verse. Further, as the absorbenf power of fatty 
acids for water is less in the cold than at a higher'temperature, it 
follows that durhig^thc cooling of a fatty acid, saturated with the 
maximum amount of water, at a certain temperature a separation 
of water must take place, shown by the still liquid fatty acid be¬ 
coming turbid. This turbidity naturally interferes with the detec¬ 
tion of solidification, and conseiiucntly def’erminatiohs made on 
undried or partially dried fatty acids show much less agreement 
with each other than those made on the perfectly dried acid. In 
tA'o determinations on the same fat, using the undried fatty acid, 

were obtained the following; * 

. c . ' 

Freezing-points. 43-14° 

and. 42.86° 

Difference. 0.28° 

If, after washing a fatty acid, a filtration be substituted for 
the drying, a partial removal of the wafer is thus effected. But 
as the freezing-point of a fatty acid so treated is 0.3° to o 4° lower 
than one similarly treated, but also dried, it appears that such a 
■'filtration is entirely su])erfluous. 

It makes no difference in the final result whether the fatty aCid 
be dried only one and one-half hours or a much longer time. It 
is also immaterial whether the dried fatty acid be used immediately 
for the determination, or whether it be first allowed to solidify and 
to stand a long or .short simy, being subsequently remelted for the 
determination. 

Wolfbauer showed that the diameter of the tube may be in¬ 
creased from 3^, centimeters without disturliing the ratio between 
the amount of heat radiating from the fatfy acid through the walls 
of the tube and the amount of liberated latent heat. Conseijuently 
a tube 3^ centimeters or more in diameter answers perfectly for the 
correct determination of the freezing-point, but it is not permissible 
to use one ajipreciably narrower than this. 

The titer test as employed in the United States Department of 
Agriculture, Circular 22, Bureau of Chemistr}', is carried out as 
follows: 
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Weigh 75 graips of fat into a metal disk and saponify by using 
60 cubic ccntifneters of 30 per cent sodium hydrate (36° Be. causrtic 
soda) and 75 cubic centimeters of 95. per ccn\ by volume alcohol, 
or 120 cubic centimeters of water. Boil down to dryness, with 
constant stirring to prevent scorching. Tllis should be done over 
a very low flame, or over an iron or asbestos plate. Dissolve the 
dry soap 11I a liter of boiling water, and if alcohol has been uscii 
boil for 40 minutes in order to remove it, adding sufficient water 
to replace that lost in boiling. Add 100 cubic centimeters of 30 per 
cent sulphuric acid (25° Be. sulphuric acid) to free the fatty acids 
and boil until they form a clear transparent layer. Collect the 
fatty acids in a small beaker and jilace on the sfeam-bath until 
the water has settled, then decant them into a dry' beaker, filter, 
using a hot-water funnel, and dry 20 minutes at 100° C. When 
dried, cool the fatty acids to 15-20° C. above the expected titer 
and transfer to the titer-tube, which is 25 millimeters in diameter and 
100 millimeters in lengtlf (i in. by 4 in.) and made of glass about 
I millimeter in thickness. This is filaced in a t 6 oz. salt-mouth 
bottle of clear glass, about 70 millimeters m diameter and 150 milli¬ 
meters high (25 in. by 0 in.), fitted with a cork, which is perforated 
so as to hold the tube rigidly when in position. The thermometer, 
graduated to 0.1° C., is susjiended so that it can be used as a stirrer, 
and the mass is stirred slowly until the mercury remains stationary 
for 30 seconds. The thermometer is then allowed to hang quietly, 
with the bulb in the center of the ma^s, and the rise of the mercury 
observed. The highest point to which it rises is taken as the titer 
of the fatty acids. 

The fatty acids arc tested for complete saponification as follows: 

Three cubic cenlfmeters of the fatty acids are placed in a test- 
tube and 15 cubic centimeters of alcohol (95 per cent by volume) 
added. The mixture is brought to a boil and an equal volume of 
ammonia (0.96 sp. gr.) added. A clear solution should result, 
turbidity indicating unsaponified fat. The room temperature must 
be reported. 

Melting-point of Fatty Acids. —The melting-point of the fatty 
acids cannot be determined in the same apparatus and by the same 
methods as those described for the fats themselves because the 
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acids are soluble in alcohol. It should be renjcmbcred that the 
melting point of the fatty acids is slightly above thdl of the glyc¬ 
erides. 'rhe detel'mfnation is made by drawing uj) the melted fatty 
acid into a very thin-walled ca])illary lube i or 2 inches long, ac¬ 
cording to the length di l)ulb of the thermometer used. Seal one 


end of the tube and allow the fatty acid to cool on ice for from 12 
tp 15 hours. Then attach to the bulb of a delicate thermometer 
graduated to one-fifth degree, immerse in a beaker of water, and 
wTirm up very slowly. 'I'he point where the acid becomes Irans- 
pa'rent is taken as the melting-])oint. 

Rosin.—The chemical test usually a])plicd to rosin is the deter- ^ 
mination of the unsaponiliable matter which increases as the 
quality of the rosin diminishes. The ])hvsical grading accorded 
the barrel from which the sample is taken is made by compar¬ 
ing the depth of color of a cube, cut from the samjde, with 
dimensions ecpial to those of a standard cube, with the depth 
of color of sarn])le standard cubes, l-^osin of a given grade 


should corres{)ond in color and clearness to the color and clearness 
of the standard cube of the same grade. Standard cubes should be 


renewed from time to time as they tend to ])leach under exposure 
and to lose \he cube shape by softening. In com])aring rosin sampl(>s 
with the rosin standards strict uniformity of dimension looked through 
and exposure to light must be* observed. 

Waste Soap Lye.—The examination of waste soap lye com¬ 
prises the volumetric tests most commonly made in the soa}) labora¬ 
tory, viz., total alkali, both free and combined, salt and glycerin. 
Where these tests arc numerous many may be carrietl on together 
and finished successively. 'Lhe chemical and physical character¬ 
istics of waste lye have already been studied.' While the tests and 
procedures presented in this section lay no claim to the accuracy 
of refined analysis, they are distinctively factory tests and find their 
greatest recommendation in the combined sjieed and accuracy with 
which they may be made. 

Determination of Total Alkali.—Transfer by means of a pipette 
to a 500-cubic-centimeter flask 10 cubic centimeters of the .sample 
free from soap and foreign matter. Add about 150 cubic centimeters 
of distilled water; add phenolphthalein as indicator; run in 
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from a burette suflicient semi-normal ^sulphufic acid to permanently 
discharge the } 5 ink coloration produced by the indicator; boil to 
expel all traces of carbonic acid gas (5‘minutes boiling will suffice) 
and titratCj the excess of sti^ndard acid used with semi-normal caustic 
soda. 'J'o ascertain the percentage of total alkali expressed as 
NaOH by volume multi})]y the number of cubic centimeters of 

N • ' . • 

— H2SO4 absorbed by 0.2. The ])ercentagc by weight would be 

slightly less. , 

Determination of Free and Combined Alkali.—To determine 
the relative pro[)orti()ns of free and combined alkalj in the total 
alkali proceed as outlined for the determination of the corresporvi- 
ing bodies in commercial caustic soda. 

Determination of Salt.—'Fransfer by means of a pipette 5 cubic 
centimeters of the sample to a 100-cubic-centimeter beaker and 
add 50 cubic centimeters of distilled water. Mix thoroughly and 
transfer 5 cubic centimeteil; of the diluted waste lye to a 4-inch por¬ 
celain evajiorating dish. Neutralize the solution as already de¬ 
scribed in the same determination in commercial caustic soda. 


N 

Likewise titrate with -;^AgN03 solution (using potassium^chromate 
as indicator) and calculate the percentage of sodium chloride as 


though 0.5 gram t)f lye had been taken for analysis. 

Determination of Glycerin.—The analytical methods employed 
industrially for the determination of gjycerin are based upon the 
com])lete oxidation of the glycerin to carbon dioxide and water. 
Potassium permanganate in either acid or alkaline solution may 
be used according to two methods as the oxidizing agent. In the 
more common and, as a rule, the more satisfactory oxidation method, 
I)otassium bichromate and sulphuric acid arc used. In the acetiii 
method the quantitative determinatian of glycerin is based upon 
its transformation into glycer}! tri-acetate. The great source of 
error in oxidation methods is the liability of oxidizing organic mat¬ 
ter as well as glycerin. Oxidation methods give uniformly high 
results. In the acetin method the glycerin alone is susceptible to 
the action of.acetic anhydride. The method, however, is time- 
consuming; it is not a])j)licable to waste lye and other products low 
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in glycerin owing to thft hydrolysis of the unstable glyceryl tri-acetate 
in the presence of water; it gives results too low, &nd is not well 
adapted ap an industrial laboratory^ method. Its chief value lies 
in its use as a check upon the more rapid and more easily manipu¬ 
lated oxidation methods. 

Bichromate-oxidation Method. —The glycerin is oxidized as 

t 

titated by the use of potassium bichromate and sulphifric acid and 
the fxcess of the^ bichromate is titrated with ferrous ammonium sul- 
|)hale. The reaction takes place in accordance with the following 
equation: 

( 

3C3HKO3 + 7^^2C'r207+ 28H2SO4 ’ 

~ 71^2804 + 7^^2(^04)3 ■l■4oOH20H2■^■QC02 

strength of Solutions. —Potassium bichromate: 75 grams of 
K2Cr207 and 150 grams of H2SO4 (sp. g. 1.84) per litre. Ferrous 
ammonium sulphate: 300 grams of FeNH4(S()4)2 and 10 cubic 
centimeters H2SO4 (sp. g. 1.84) per litre. Standardizations: To 
standardize the ferrous ammonium sulphate solution run out 7 to 
10 cubic centimeters of the bichromate solution into a 250-cubic- 
centimeter beaker; add 15 cubic centimeters of (1.84) sulphifric 
acid and'heat for one-half hour on the steam-bath; dilute to 200 
cubic centimeters and titrate. To standardize the bichromate 
solution against glycerin, weigh out 0.05 gram of chemically pure 
glycerin into a 250-cubic-centimeter beaker; add about 15 cubic 
centimeters of bichromate solution and then slowly 15 cubic centi¬ 
meters of (1.84) sulpjhuric acid; heat for one-half hour on the steam- 
bath and titrate the excess of bichromate with ferrous ammonium 
sulphate solution. In titrations of the^ bichromate and ferrous 
ammonium sulj)hate solutions potassium ferricyanide is used as an 
indicator with a porcelain tile. 

Procedure. —Weigh out 1.5 to 2 grams of the sample into a 25- 
cubic-centimctcr graduated flask and add 1.5 grams of moist silver 
sulphate, weighed on the rough laboratory balance. The solu¬ 
tion is made up to the mark with distilled water and 6 dro])s of water 
are added to displace the volume of the precipitant added. The 
contents of the flask are then shaken until all the sodium chloride 
has been precipitated, indicated by the solution being perfectly clear; 
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after which the supernatant liquid is,filtered! A portion of the fil¬ 
trate is used toVnse the 5-cubic-ccntimeter pipette.^ Five cubic centi¬ 
meters arc now pipetted into a 250-cubit^ccntimetcr beaker. Bichro¬ 
mate solution, 7 to TO cubjc centimeters, is now run in, after which 
15 cubic centimeters of (1.84) sulphuric acief arc added. The con¬ 
tents of the beaker (at all times covered with a watch-glass) arc 
heated for o*ne-half hour on the steam-bath. The solution is theiT 
diluted to about 200 cubic centimeters and the excess of bichrogiatc 
i.; titrated with ferrous ammonium sulphate solution. The utmost 
uniformity of procedure should be followed, especially as to the 
excess of bicfiromate and to the decree of dilution. . 

Acetin Method.—For determination of glycerin in crude glyccj;in 
the acetin method finds its true province. It de})ends on the phenom¬ 
enon that glycerin on boiling with acetic anhydride is quantitatively 
transformed into triacetin. If the latter be then dissolved in water 


and the free acetic acid be neutralized with sodium hydrate, the 
dissolved triacetin can b^ saponified with caustic soda and the 
excess of the latter titrated back. 


The necessary reagents are: 

* (t) Semi-normal to normal hydrochloric acid accurately stand¬ 
ardized. • 


(2) Dilute caustic soda, not standardized, which contains not 
more than 20 grams sodium hydrate to the litre. 

(3) Concentrated, about 10 per cent, caustic soda, best preserved in 
a flask provided with a 25-cubic-centimeV-‘r pii)ctte. i to 1.5 grams of 
the sample are weighed out in a wide-necked, small, round-bottom flask 
of about 100 cubic centimeter capacity. About 8 grams acetic anhy¬ 
dride are added, with about 3 grams of dehydrated acetate of soda. 

The anhydrous salt is prepared by heating sodium acetate to 
comj)lete dryne.ss in' the hot-closet. A reflux condenser is attached 
and the contents of the flask are boiled for 1^ hours, whereupon 
they are cooled and 50 cubic centimeters of warm water are added 
through the reflux condenser, .\gitate the flask to affect solution 
of the triacetin but do not boil. When solution is complete filter 
the liquid from the flocculent precipitate which constitutes most of 
the impurities, contained in the sample. Make the filtrate up to 
a convenient volume and neutralize the free acetic acid in an aliquot 
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portion with an 8 to 10 ^cr ccn^ solution of carbonic acid-free caustic 
soda, finishing for the sake of accuracy with a more hilutc solution, 
using phenolphthalein as indicator. 

The amount of acetic anhydride that has combined, with the 
glycerin can now be determined by simple saponification: Add 
50 cubic centimeters semi-normal caustic soda to the contents of 
file flask and boil 15 minutes. Titrate back with semi-flormal acid. 
Each cubic cent,imctcr semi-normal alkali used is equivalent to 
0^01533 glycerin. 

Examination of Products Obtained in the Recovery of Glycerin. 
—The analytical work connected with the recovery^ of glycerin frorq 
waste soaj) lye comjirises chiefly the examination of waste lye for 
total alkalinity preparatory to calculating the amount of suliihuric 
acid and other chemicals used to clarify it; the determination of 
the alkalinity of glycerin “foots” and the amount of suljihuric 
acid required to neutralize it. Half-crude, or the product of the 
first stage of concentration of waste lye, may be examined for 
glycerin and sodium chloride. Crude glycerin is usually examined 
for sodium chloride, ash, and glycerin. 'J'he protluct of the first 
distillation may be examined for acidity to ascertain the amount 
of soda-asii required to neutralize it. The product of the second 
distillation, dynamite-refined glycerin, is usually examined for ash, 
sodium chloride, carbonaceous residue, acidity, both free and com¬ 
bined, specific gravity and color. The tests already given com¬ 
bined with those a])])lied to glycerin of dynamite-refined grade com¬ 
prise the more common ones. 

Alkalinity of Glycerin “ Foots.”—^Weigh 5 grams of the sample 

into a platinum dish. Exaporate to dryness, then heat to ignition, 

< ■ 

using potassium chlorate to remove all carbonaceous matter and 
to transform sulphides to sulphates. Digest the residue and 
transfer it to a 500-cubic-centimeter flask. Determine the total 
alkali as before described and exjiress the result in terms of 
NaOH. Therefrom the volume of sulphuric acid required for 
neutralization may be readily calculated. 

To Test Recovered Salt for Sodium Chloride.—Weigh out 2 


grams of ignited salt on the rough balance, and dissolve in 200 


cubic centimeters of distilled water. 


Take 5 cubic centimeters and 
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titrate in the* manner as before described with — AgNOa solu¬ 
tion. Calculate as though 0.05 grams'had been taken fpr analysis 

Determination of Sodium Chloride in Crude Glycerin.—Weigh 
about 2.5 grams of the sample into a 25-cubic-centimeter graduated 
flask and make up to the mark with distilled water. Pi[)ctte 5 cubic 
centimeters “into a beaker and dilute with 50 cubic centimeters of 
distilled water. Add 2 drops of phcnolphthalein^ as indicator, and 
neutralize if necessary with nitric acid. Add 15 drops of indicator 
using potassium chromate (30 grams per litre) and titrate the solu- 
N * 

ion with —. AgNOs. The AgNOj solution is standitrdized agaifist 

• 

chemically pure salt. 

Refined Glycerin.—Specific Gravity.—The Westphal balance is 
commonly employed for determining the specific gravity, although 
the specific gravity ]x)ttlc may l^c used. 

The Westphal balancft is constructed with a plummet weighing 
5 grams and occu])ying the space of 5 cubic centimeters. This is 
called Reimann’s patent thermometer-body. The beam is gradu¬ 
ated into ten equal divisions, and the heaviest weight weighs 5* 
grams. The next size weight weighs a tenth of this. •The next, 
a hundredth, and the smallest a thousandth. The balance being 
adjusted in air, so that the pointers are exactly opposite, if the 
plummet is immersed in distilled water at 15° C., the heaviest 
weight being placed on the hook wilji the plummet should bring 
the pointers opposite each other again. When using the Westphal 
balance—applicable to all licjuids except such as are too viscous, 
but works best with transparent liquids—set up the balance in a 
level place by placing* the beam in position and hanging the plum¬ 
met on the hook provided for it. Now adjust with the adjusting- 
screw in the foot until the pointers are exactly opposite each other; 
cool the liquid to be tested to a ])oint a little lower than that at 
which the balance was graduated; fill the jar with enough of the 
liquid to a little more than cover the plummet and place the jar in 
position, .\llow the temperature of the liquid to rise with occa¬ 
sional stirripg, until the reading of the thermometer in the plum¬ 
met is that at which the balance was graduated. Now hang the 
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weights on the beam Jit the notches provided for them, until the 
pointers are again exactly opposite each other. If ‘two belong on 
the same notch, hang the second on the hook of the first. Read 
the marks on the beam where the weights hang, and set ,down the 
figures by the side of each other, putting the figure under the heaviest 
weight at the left hand, that under the next heaviest, next, and so 
dn. The result will be the specific gravity expressed *in decimals 



Fig. 224. —The Westyjhal Balance. 

when the liquid is lighter than water. For liquids heavier than 
water it will be found that one of the heavie.st weights will hang 
on the hook along with the plummet, the others being di.stributed along 
the beam. The reading of the heaviest weight will then be 1, which 
must be followed by a decimal jioint, the other readings following 
the order of the size of the weights, as above described, being placed 
after this decimal point. In case the specific gravity of the liquid 
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in question Is 2 or above, or 3 or above, two or three of the heaviest 
weights, as tbe case may be, will Hiang on the hook, the othprs 
being distributed along the beam. When tho liquid to be tested 
is opaque,' so that the reading of the thermometer in the plummet 
cannot be made, it is essential to have an .additional thermometer 
to use in determining the temperature. This additional thermom¬ 
eter should, of cours*c, be compared with the one in the plummet.. 

With all liquids which are transferred from one vessel to another 
there is always possibility of air being mechanically carried along 
with the liquid. While it is necessary to expel this air by hcatkig 
the sample,* it must Ije cooled again before the specific gravity is 
taken. Under no consideration should bubbles of «,ir be allowed 
to adhere to the plummet. ^Allowing the liquid to .stand for .same 
time in the jar serves to free it from bubbles. In the standardiza¬ 
tion of the balance and in the determination of the sjiecific gravity 
of glycerin, the temjierature ba.sls is, as a rule, that of 15° C. or 
60° Fahr. The thermopieter outside the liquid should not vary 
more than 5° from the jilummet thermometer. Within this range 
of temperature, the factor of 0.0005 for each degree centigrade above 
or below' 15° C. is commonly used for reducing the temperature of^ 
the determination to that of the standard. If above i5°C. the 
re.sult is to be added to the observed .specific gravity; if lielow 15° C. 
the result is to be subtracted. 

Salt.—W'eigh out 50 grams of the sample into a tared nickel 
dish and allows the glycerin to burn after heating carefully to the 
point of ignition. Burn off carbonaceous matter without loss of 
salt. Dige.st the residue w'ith hot wrater and transfer to a porcelain 

. . N 

dish and titrate with —AgNOs solution. 

•10 

Ash. —Weigh out 25 grams of the sample into a tared paltinum 
dish and heat carefully until the glycerin will ignite. Allow the 
glycerin to burn until it is consumed; then heat carefully with a 
Bunsen burner until all the carbonaceous matter is driven off, taking 
care in the operation that no salt is lost by decrepitation. Cool the 
platinum dish and residue in a dryer and w'eigh. 

Carbonaceous Residue. —Weigh accurately 5 grams of the sample 
into a tared porcelain crucible. Heat to ignition in a hood, or 
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place free from drafts and allow the glycerin to burn. After which 
flash the crucible with the flame of the Bunseh bvrner to expel 
adhering traces of glycerin without burning the non-glycerin matter 
Care must ISc exercised 
of procedure. 

Acidity.—The free acidity of refined glycerin may be attributed 
.chiefly to fatty acids that have escaped remov^al in thej. j)r()ccss of 
distillation. They persist in well-made glycerin in very minute 
quantities. Owing to the uncertainly of their exact nature, their 
amount is expressed usually in the jiercentage of sodium oxiclj 
required to neutralize them. By combined acidity is meant the 
glyceride which results from the combination of the free acid bodies* 
with glycerin. In the determination of free and combined acidity 
10 grams of the .sample are dissolved in 200 cubic centimeters of 
perfectly neutral water; add phenolphthalein as indicator. Find 


in this tc.st 10 observe the strictest uniformity. 


N . 

the exact volume of — caustic soda solution reijuired to elTect neu- 

^ I 

tralization in the cold. This volume, expressed as Na20, gives 
the free acidity. To determine the combined acidity add i cubic 


centimeter of — caustic soda .solution for every 5 grams of the sample 


taken. 


N 

Boil for minutes and titrate back with — H2SO4. The 

2 


new reading expresses the combined acidity. 

Color.—Chemically ])ure glycerin is colorless and will remain 
unchanged on exposure. CByterin of dynamite-refined grade ten 1. 
to discolor on aging, which characteristic is due not to glycerin itself 
but to the contained impurities. The exact nature of the bodie.-> 
undergoing change on aging has not been dcfiRilcly ascertained, but 
they are supposed to be salts of fatty acids with heavy metals present 
in almost infinitesimal amount. 

Characteristics of Dynamite-refined Glycerin.—The following 
characteristics of good dynamite-refined glycerin arc given by 
Lewkowit.sch: * 

Specific gravity not lower than 1.2610 at 15° C. CaO, MgO, 
AI2O3 should be absent. Chlorin .should be present in only 


* Chem. Zeit., 1895, 19, 1423-04. 
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a trifling amcJunt. Arsenic must not be,present in more than 
traces—Gulzcil’s test is too severe. * , 

Gutzeit’s test consists in allowing^ the gas* sfewly liberated by 
the action'of sulphuric acid on zinc in presence of the li(jmd supposed 
to contam arsenic, to c<^mc in contact vith three thicknesses of 
filter-paper moistened Avith a saturated acid solution of silver nitrate. 
In order tlxit sulphides Avhich might be formerl may not reach tho 
filter-])a])CT a ])lug of cotton or glass-wool, moistened with lead 
acetate solution, is introduced into the mouth of the test-tube. * The 
jiresence of arsenic is shown by the jiroduction on the paper caj^of 
a bright yeMow stain which turns dark on the application of water. 
'J'his test has been modiJied by substituting hydrochloric acid’for 
suljihuric acid and doing a\^’ay with the moistened jilug of cotlon; 
also by using a sxilution of mercuric chloride instead of silver nitrate'. 
It sLifliei'S to make the sample just alkaline with NH4OH and add 
AgNO;j; no yellow turbidity should ajjjx'ar. Organic impurities: 
] cubic centimeter of tlv sam])le diluted with 2 cubic centimeters 
of distilled water should give no coloration with a few drojis of 
a 10 per cent Ag\ 0 ;j solution. Total ^oli.l residue should not 
exceed 0.15 j)er cent. ITee aci(h‘ty: Volatile fatty acids may be, 
recognized by the ethereal smell produced by heating the sample 
with tilcolx)! and sul])huric acid. In the following table arc pre¬ 
sented actual analyses of well-made dynamite-refined glycerin: 


ANM.YSES OK DYN'AM 1TI:-RKKI\KD (lEYCERTN. 


Salt. 

Ash. 

» 

Carlii iiit'K nil’s 
Ri'skUic. 

I’cr t.Viil. 

• 

-•- 

Aiiclity. 

Siil'cifu’ 
Oravitv 
at I 5° C. 

Fnn-. 

For Cent. 

C'l'iiibinivl. 
IVr Cent. 

0.003 

0 

b 

0 

tw . 

0.04 

0.0042 

0.045 


0.001 

0 OCT 

0 012 

0.005S 

0.025 


0.001 

0.002 

0 oiS 


0 022 


O.OCI 

0 002 

0 014 


0.04 



. The specific gravity of American glycerin for dynamite purposes 
averages about 1.2615 at i5°C. 

Nitrating Test.—;\ crucial test of the fitness of glycerin for 
dynamite making consists in actually cariA’ing out the manufacture 
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of nitro-glycerin on a la|)oratory scale. The nitrating*test, as recom¬ 
mended by Lewkowitsch, is £Ls follows: 375 grams, of a mixture 
of sulphuric and»nitdc acids (i part by weight of HNO3, specific 
gravity 1.56, with 2 parts of H3SO4, specific gravity 1.845) 
prepared and allowed to coob ' ' 

The exact quantity is weighed out into a beaker of 500 cubic 
rcentimeters capacity and the beaker is placed in a large vessel through 
which a stream of cold water passes. The rubber lube leading the 
watef to the coolrng vessel must be wired on to the tap lest it slip 
of?* and cause water to splash into the nitrating mixture. Such an 
accident might lead to an explosion. The beaker should be thin 
so that is ma)’< be quickly broken with the thermometer used as a* 
stirtXT should heating begin after mixing. When the temperature 
of the mixture is 12° to 15° C., 50 grams of the glycerin to be tested arc 
alloyed to fall droj) by droj) into the acid mixture while the licjuid 
is well stirred with the thermometer and the temperature carefully 
observed. The operation must be carried ^'Ut slowly and cautiously, 
no further glycerin being added until the tem{)erature of the mixture 
is below 25° C. A temperature of 30° C. should never be exceeded. 
.When all the glycerin has been added stirring is continued until the 
temperature has fallen to 15° C., when the mixture is transferred 
to a perfectly dry separatory funnel which may be pre\iously washed 
out with strong .^ibphuric acid. If the glycerin be of good quality 
the nitro-glycerin separates (juickly as an oily somewhat turbid layer. 
The quicker and sharper the separation the better the sample. 
Should flocculent matter appe^ir in the nitro-glycerin, or should the 
separation not take place within 5 to 10 minutes, or should an in¬ 
termediate layer ])ersist between the two liquids, the glycerin is not 
fit for dynamite making. In a very poor sample the nitro-glycerin 
remains diffused throughout the acid liquid for hours. The test 
may be made quantitative by reweighing the vessel used to con¬ 
tain the 50 grams of glycerin, and by running off the acid liquid 
from beneath the nitro-glycerin and swirling the nitro-glycerin around 
wdthin the separator}*’ funnel to collect stray drops of acid which 
may then be drawn off; no shaking is permissible. The nitro-glycerin 
is washed with water at 35° to 40° C., then once or twice with 20 per 
cent sodium hydrate solution and again with water. The volume 
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of nitro-glyccft’n is read off in a loo-cubic^-cenlimctcp burette and 
when multiplied by 1.6 gives the vfeight in grams. This method, 
though rough, is satisfactory for technical purposes.* The yield 
of nitro-^lyccrin should be from 219 to 230 per cent, the thc*oretical 
yield being 246.7 per cent. • • 

In an investigation to determine the influence of the specific 
gravity of glycerin upon the yield of nitro-glycerin, Garrigues found 
that the small quantities of \vatcr present in dynamite glycerin is 
without effect, and that at least above a specific ^[ravity of 1.^57, or 
97 per cent pure, the comparative value of glycerin is exactly acccfrd- 
ing to its percentage strength, provided the mixed acids are of good 
quality. The mixture employed had the following composition: 
Suljihuric acid, 67.0 per ctnt; nitric acid, 26.1 per cent; lA'po- 
nitric acid, 1.9 per cent; water, 5.0 per cent. Garrigues conducted 
the nitration as follows: 

A drojiping botde is filled to such a jioint with the sample of glyc¬ 
erin that it will have deWvi'red about 25 grams when drained. This ' 
is weighed before and after the nitration, the difference being the 
glycerin used. 

• One hundred cubic centimeters of mixed acids, about 178 gram§, 
tire placed in a dry beaker 2% inches wide by 4?> inches deep, which 
is suspended in a large porcelain dish by passing through a piece of 
stiff cardboard. The cardboard is cut out to fit tightly around 
the beaker and is sufficiently large to completely cover the dish. 
This arrangement serves the doulile purpose of holding the nitrating 
vessel firm, and effectually preventing the splashing of any water 
into the acids, which would obviously be dangerous. 

Cold water is allowed to circulate around the beaker through¬ 
out the ojieration, ieV being used if necessary. When the acids have 
cooled to 10° C.,. the addition of glycerin is begun, drop by drop, but 
at such a rate that the temperature rises to 20° C. in about 3 minutes, 
the mixture being meanwhile stirred constantly with a short ther¬ 
mometer. The further addition is so regulated that the tem])erature 
remains between 19° and 21° C. When all the glycerin is in and 
the mercury has fallen to 15° C., the beaker is removed from its 
improvised water-jacket, wiped dry, and its contents transferred to 
a dry separating funnel, the beaker being rinsed with strong (1.84) 
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sulphuric acid. The separation will begin at once, i'/ both glycerin 
and acids are what they shdbld be, but it is best* to allow the 
mixture to stand several hours, when it will be perfectly clear below 
the layer of'nitro-glycerin. 

The acid is now tapped off and the upper layer run ’into 200 
cubic centimeters of water at about 15° C. Stir up well, decant 
«and repeat. Finally wash through a funnel into a narrow measuring 
tube graduated in i to 10 cubic centimeters: let settle until the volume 
remafns constant fit i5°C., and take the reading, which multiplied 
by'the specific gravity, 1.6, gives the weight of nitro-glyccrin. 

This is the neatest manner of jierforming the nitrating test in the 
laboratory, thotgh much time may be saved by running the whole 
mixture of acids and nitro-glycerin,, immediately after nitrating 
into two litres of cold water, stirring meanwhile, then washing 
and measuring as above. This does away with the long wait for 
the dear sejiaration, it taking jilace at once on contact with the 
water. 1 

A comjiarison of the two methods has a bearing on the relative 
merits of the so-called direct and indirect sejiaration, or separation 
and drowning as it is frecjuently termed. In Germany the waster 
ful process of drowning seems to be obsolete, but in this country 
many exjilosivc works continue to enrich the rivers with (X)untless 
tons of nitric and sulphuric acids yearly, much to the comfort of the 
acid makers. 

It is interesting to note that the drowming process invariably re¬ 
turns a slightly better yield tlian the sejiaration, but from the fact 
that in the former case the nitro-glycerin is milky and opa(|ue, as 
against opalescent to transparent in good separation, it is not un¬ 
likely that the ajiparent increased yield is {Kie''to contained water. 
The following comparative tests on the same sample of glycerin, 
nitrated with acids from the same drum, illustrate this difference: 


Specific (Iravily. 

1.2619 


Per f'enl Yield l)y 
Separation. 

233-0 


Per Cent Yield by 
Drowning. 

23 .v 5 

237.0 


It may be said, and ju.'-tly, that the difference here is no greater 
than the variation of duplicates nitrated in the same manner. The 
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figures arc cho'sen^from a large number of tiials with many samples 
of glycerin, :fh(l represent fairly th*e average observed difference. 
When several nitrations are made in,each w^y, *thc average yield 
from drowning has been invariably in excess of that obtained as 
the average of sej)arating. Jt was also m*every case easy to dis¬ 
tinguish the product by appearance, as noted before. 

Determhiation of* Specific Gravity by the Hydrometer.—Thisjjf 
an indirect method of ascertaining the specific gravity of liquids. 
The instruments commonly em})loyed for this pur})ose are 'made 
of glass. They consist of a bulb or float filled with air, a stl*m 
placed above this float and bearing a scale, and a smaller bulb, a 
counterpoise, placed beneath the float and weightcfl with mercury* 
or shot, so as to keep the i«strument in an upright jjosition when 
placed in the liquid'. A body immersed in a liipiid floats when 
it has displaced its own weight of liiiuid. It is, therefore, evident 
that a hydrometer will sink more deejily in a liquid of less density 
than it will in a licjuid ^)f greater density. 

Hydrometers are jirovided with scales which cither indicate spe¬ 
cific gravitv values or else bear an arbitral^' valuation. On the former 
mstruments the sj)aces between successive degrees are unequal* 
These hydrometers are constructed on the princi])le^ that equal 
differences of specific gra\ilies are indicated by quantities proj)or- 
tional to the differences of the rec'iprocals of the specific gravities. 
On the latter iastruments, the divisions arc usually equal. Different 
kinds of hvdrometers with arbitrarv scales are used in the industries. 

To -determine the specific gravity of a liquid by means of a 
hydrometer, due attention being paid to the temperature of the 
licpiid, the instrument is placed in the liquid and that degree of the 
scale in contact with \hc surface of the licjuid is noted. If the 
hydrometer is graduated according to specific gravity values, the 
figure thus indicated denotes the specific gravity of the liquid. If 
bearing an arbitrary scale, conversion unto the corresponding 
specific gravity values must be made by calculation, or else deter¬ 
mined by the aid of tables, similar to the one appended, for this 
purpose. 

Among the numerous hydrometers bearing arbitrary scales, 
those devised by Antoine Baume in 1768, and bearing his name, 



648 


AMERICAtN SOAPH, CANDLES, AND GLYCERIN. 


are probably rnorc cxtcnsivdy used than any other kiiid. Although 
Batume described verv accuratefv the manner in which he obtained 
the scales for his ‘twd instrurpents—the one for liquids heavier, the 
other for liquids lighter than water—yet in the course of time the 



Fig. 225. —Hydrometer Jar and Hjdr6meter. 


makers of these instruments deviated from his directions and in 
consequence there resulted great confusion as to the actual rela¬ 
tion between the values of the so-called Baume degrees and specific 
gravity. 

With the Twaddell hydrometer, employed largely in England, 
the density of pure distilled water is represented by 0° and the 
scale shows 200° between the specific gravity i. and specific 
gravity 2. so that the specific gravity of the liquid may be cal- 
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culaled by multifjying the number of degrees registered on the 
scale by 5 and*adding the product to i.ooo. Thus the density of* a 
liquid indicating 100° Twaddell (or Tw.) woufd Ifc 100X5 + 1.000, 
or 1.500., 

In the following table is given a comparison of the arbitrary scales 
(jf Baume and Twaddell with the corresjionding specific gravity: 

• * ^1 

TABI.K XXXVIIT.—COMPARISON OF HYDROMETER SCALES WITH 
BAl'ME DECREES AS THE BASIS. , 



JTwaddfll. 

Spi-iifiL Gravity. 

‘’Baunu^ 

1 • 

“Twaddell. jspecifie Gravity. 

I 

1.4 

I .007 


66.4* 

1-332 

2 

2.8 

1.014 


tn }. 

I -.345 

3 

4-4 

I .O'^ 


71.4 

i- 35 f 

4 

5 -» 

1.020 


74. 

1 -370 

5 

7-4 

1.037 


76.6 

1 -383 

6 

9 - 

1.045 


79-4 

1-397 

7 

10.4 

1.052 

42 

82. 

1.410 

8 

12. 

.,1.060 

43 

84.8 

1.424 

9 

13-4 

1.067 

44 

87.6 

1.438 

10 

IS- 

I -075 

45 

90.6 

1-453 

II 

16.6 

1.083 

46 

93-6 

1.468 

. 12 

j8.2 

T .OQI 

47 

96.6 

1.483 


20. 

I . 100 

48 

99.6 

1.498 • 

14 

21.6 

I . io8 

49 

102.8 

1-514 

IS 

23.2 

1.1 lO 

50 

106. 

’ 1-530 

16 

2 S- 

1.125 

SI 

log. 2 

1 ■ 546 

17 

26.8 

I ■ 134 

52 

112.6 

1 -563 

18 

28.4 

1.142 

53 

116. 

I • 580 

19 

30-4 

1.152 

54 

119.4 

1-597 

20 

32-4 

1.162 

t 55 

123. 

1.615 

21 

34-2 

1.171 

56 

126.8 

1.634 

22 

36. 

1.180 

57 

130.4 

1.652 

23 

38.' 

I. igo 

58 

134.2 

1.671 

24 

40. 

1.200 

59 

138.2 

1.691 

25 

42. 

* 1.210 

60 

142.2 

1.711 

26 

44. 

1.220 

61 

146.4 

1-732 

27 

46.2 

1-231 

62 

150.6 


28 

48.2 

1.241 

63 

154.8 


29 

SO -4 

1.252 

64 

159-2 


30 

52.6 

1.263 

65 

163.8 

1.819 

31 

54-8 

1.274 

66 

16S.4 

1.842 

32 

57 - 

1.285 




33 

59-4 

1-297 




34 

61.6 

1.308 




35 

64: 

3-320 
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Examination of Soap.—The chemical analysis of ^ap in process 
of manufacture, as* jt rule, does not extend beyond the determination 
of free or unsapofujig- d^ f j|^ arid of free or uncombined alkali. The 
physical tests for these bodies sufiTu'e for all practical jmrposcs and 
can be made l)y a com])i‘t(?nt soap-boiler. ‘The complete saponifica¬ 
tion which may be indicated by physical tests at the soap-kettle 
not, however, chemically complete, the amount of misaponified 
matter in particular being considerable, esj)ecially with rosined 
soap,*while with all soaj) the presence of free alkali may be indi- 
cafed by spotting the freshly-cut surface with ])henolj)hthalein. 
The unsa])onified matter of well-made grained soaj) is‘largely un- 
saponifiablc mdtter. 

The examination of the finished product comprises the follow¬ 
ing essential determinations, to which may be added other determina¬ 
tions according to the nature of the soaj) and the information de¬ 
sired: Moisture, mixed fatty acids, combined alkali. These deter¬ 
minations give the actual soap (anhydrous) and water present in 
the sam])le. The determinations of unsaponified fat and uncom¬ 
bined alkali indicate the thoroughness of saponification and serve 
k) distinguish between a cold-process and a grained soap. 'J'he 
determination of soda-ash and sodium silicate is a valuable index 
in the valuation of laundry soap which is the most common vehicle 
for these bodies. The separation of the mixed fatty acids into 
fat and rosin acids, in case of a rosined soaj), and the examination 
of the se])arated fatty acids, are im])ortanl to determine the nature 
and origin of the soa])-stock used. With sj)ecial soaps the following 
determinations may be mentioned: Glycerin in cold process soap; 
glycerin and sugar in transparent soa})*, talc in milled and other 
grades of soaj), and numerous tests for thf' determination of sul)- 
stance to a high degree erroneously claimed to impart beneficial 
pro])erties to the soap itself. 

Moisture.—The readiness with which highly hydrated soap, as 
grained, settled soap, dries presents some difficulty in an accurate 
determination of the amount of water originally j)resent. With a 
fresh cake the sample may be taken by cutting the cake through 
the middle into two parts and collecting the shavings cut from the 
entire freshly-cut surface. If the cake has been exf)osed for some 
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time the sample should be cut from the intepor of the cake. Care 
should be obf^-Tved that all portions* of the cake weighed out for 
analysis should be of the same consistency, as for example, the 
determinafion of one ingredient should not be made id a portion 
taken frohi the exterior, while another deteJunination is made from 
a portion taken from the interior of the bar or cake. In the deter¬ 
mination oi the moiifture, from 2 to 3 grams of the shavitigs arei* 
weighed Into a small tared beaker and placed in the hot closet 
where it is allowed to dry to a constant weight. The loss in wt*ight 
is water. » 

Mixed Eatty Acids.—Weigh out into a beaker of convenient size 
5 grams of the. samj)le. Dissolve the soap in a sntall amount of * 
hot water. It is imjjortant ^^to observe the behavior of the soap 
durinji dissolution and the character of the resulting solution. In¬ 
ert mineral matter as talc, silex, etc., collects on the bottom of the 
beaker; organic matter as starch makes the soap solution turbid. 
Starch can be detected by the blue coloration produced with iodin 
solution and its presence may be confirmed by the microscope. 

If mineral matter is present this may be washed thoroughly with 
hot water to remove adhering traces of soap and the wash-water, 
added to the soap solution. The mineral matter may then be col¬ 
lected on a tarred filter and dried. Add to the soap solution an 
excess of semi-normal sulphuric acid, using methyl orange as indi¬ 
cator. Place the beaker in the steam-bath and heat with stirring 
until the separated fatty acids have collected in an oily layer. Cool 
the contents of the beaker until the fatty acids have solidified. Re¬ 
move the liquid by decantation, and if any mineral matter is present 
separate the same without loss of the fatty acids. The fatty acids 
may now be rcmelted-with hot water, cooled, and washed to remove 
adhering traces of mineral acid, the wash-water being added to the 
decanted liquid. The fatty acids arc now collected on a tared filter, 
dried, cooled, and weighed. 

With soap containing sodium silicate, gelatinous silicic acid sepa¬ 
rates on the addition of sulphuric acid and remains mixed with 
the fatty acids. 'Phe separation of the fatty acids from the gela¬ 
tinous silicic acid may be effected by placing the funnel containing 
the filler on which the mixed fatty acids are collected, in a tared 
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beaker and. transferring the whole to the hot cloeet, whereupon 
a^ the filler dries the fatty acid*, melt, pass through an^ collect in the 
beaker. The fiUer-paper and residue are washed thoroughly with 
hot a]coho^ or petroleum ether. The solvent is evaporated and the 
dried resitlue and fatty acids respectively are weighed. * 

Total Alkali.—'The decanted liquid and wash-water from the 
K,separated fatty acids contains the total alkaK existing,an the soap 
as carbonate, silicate, hydrate, and in combination with fat anhy¬ 
drides, as sulphate; it will also contain glycerin, starch if present, 
the excess of standard suljjliuric acid and soluble fatty acids (which 
may be disregarded) in small amount if cocoanut or •i)alm-kernel 
oils be a stock ingredient of the soap. The liquid is titrated with 
sersi-normal caustic soda using as indicator the methyl orange 
already adfled. From the number of cubic centimeters of 
N 

— H2SO4 required for neutralization calculate the percentage of total 

alkali as Na20. The percentage of so^lium carbonate, sodium 
tetrasilicatc and sodium hydrate, when determined, is expressed 
as Na20. This total ])ercentage subtracted from the percentage 
^of total alkali gives the percentage of Na20 combined with fat 
anhydrides. 

Free Alkali.—^The determination of free or uncombined alkali 
requires the extraction of the sample with hot neutral absolute 
alcohol. For this ])urposc an extraction aj)paratus, of which there 
are numerous forms, may be used, or the extraction may be made 
in a beaker in the following*manner: Weigh out 3 to 5 grams in 
a beaker and digest on the steam-bath with absolute alcohol w’ith 
occasional stirring, using a watch-glass to cover the beaker. The 
hot solution is filtered rapidly through a tared filler to avoid gela- 
tinization of the alcoholic-soap solution on cooling. The extraction 
is repeated with fresh alcohol to insure thoroughness and the filter 


N 

must be well washed. Titrate the filtrate wuth — hydrochloric 

acid using phenolphthalein as indicator. Error by the alcohol 
method arises from the simultaneous presence of both free alkali 
and uncombined fat. When high-grade soaps with little or no 
free fat are examined the method is fairly satisfactory. The 
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determination is a difficult problen^ in sofne instances. As the 
conditions necessary to insure the stability of the soap are the same 
as those necessary to insure the absolute saponification of the 
glycerides, by the free alkali present, the alcohol method is certainly 
not to be recommended for cold-process or other soap wherein one 
has reason to suspect ^thc existence of both free fat and free alkali. 

If it is dtsired to obtain accurate results on the caustic and cai- 
bonate separately the preliminary drying of the so^ap introducers an 
error, since the caustic alkali will take up carbon dioxide from the air 
unless the drying is done out of contact with air. It is quite a trouble¬ 
some process to filter an alcoholic soap solution if ojie is not pro¬ 
vided with appliances to keep the funnel hot during filtration. „ 
Under these conditions it Were better to express, first the percent¬ 
age of total alkali, then the alkali combined with the mixed fatty 
acids, and if the alkali present as silicate and carbonate be carefully 
examined some idea may be gained of that present as hydrate. 

To use the alcohol mAhod with accuracy it is, therefore, neces¬ 
sary to dry the soaj) in an atmosphere free from carbon dioxide, ex¬ 
tract the free fat with petroleum ether, dissolve the extracted soap 
in- alcohol and titrate as before. 

' In the following method Devine determines the free »alkali and 
eliminates filtration. For this method it is necessary to provide 
three standard solutions: 


I. Hydrochloric acid, — (for standardizing II). 

N 

II. Caustic soda, - in alcohol. 

10 


III. Stearic acid, -^-,’in alcohol. 

10 


II. and HI. should be exactly equivalent one to the other, 
titrated warm with phenolphthalein as indicator. 

Two grams of soap (which needs no drying) is weighed into a 
round-bottomed flask of about 300 cubic centimeters capacity, 

N 

and 50 cubic centimeters of alcohol poured upon it. — stearic acid 
is now run in from a burette in amount judged to be sufficient to 
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neutralize the free alkali in 2 grams of the soap, some phenolphtha- 
leln added, and the flask then stoppered with a cork stepper, through 
which passia glass-lube al)ouv 30 inches long and of about J inch in¬ 
ternal diameter, the lower end ground to^ a jraint on a gj-indstonc, 
and the purpose of wh'ich is to serve as a reflux condenser. The 
^flask and contents are placed on a steam-bath and heated 30 minutes, 
at the expiration of which time the solution should be*" quite clear 
and jjhow no alkali with the phenolphthalein. If the solution turns 
* red during the boiling, showing that an insuflicient quantity of stearic 
acid has been added at first, add more of that solution until the 
color disappears, then several cubic centimeters in excess, and 
he^t 20 minutes further. The flask is now removed from the bath 

• N 

and after a few minutes’ cooling is titrated with — caustic soda. 

The difference between the number of cubic centimeters of stearic- 
acid solution added and the number of cubic centimeters of caustic 
soda used to back titrate is equivalent to the total free alkali present. 

While the first flask is heating weigh out in a similar flask 2 
grams of soap and add 50 cubic centimeters of alcohol and place on 
*the steam-bath. When the first test is finished, calculate roughly 
the total alkali, assuming the total quantity to be carbonate. Now 
add to the second flask an amount of lo per cent barium chloride 
solution sufficient to precipitate the alkali, heat a few minutes. 


N 

add |)henol])hthalein, and titrate with — stearic acid. The titra¬ 
tion must take place slowly and with thorough agitation of the 
liquid for the reason that the .sodium or i)ota.s.sium hydroxide reacts 
with the liarium chloride added and forms sodium chloride and 
barium hydroxide. The latter is not very' .soluble in the alcoholic 
liquid and sufficient lime and pains must be taken to insure its com¬ 
plete neutralization by the stearic acid. A blank ti‘st should be 
made on 50 cubic centimeters of the alcohol, since this frequently 
contains carbon dioxide, and the number of tenths of cubic centi¬ 


meters of caustic soda necessary to neutralize the free acid in 

this quantity of alcohol added lo the reading of the stearic-acid 
burette in the second lest. This corrected reading gives the number 
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of cubic centimeters of — stearic acid used to neutrali;^.c the caustic 

» 

alkali in 2 grams of soap. The difference between the total alkali 
found and the caustic will, of course, give the carbonale. 

Alkabne Residue Insoluble in Alcohol.— The residue insoluble 
in alcohol remaining on the filter or in the extraction-tube is then 
extracted w^th hot Wciter and the extract titrated with semi-norma|< 
sulj)huric acid using methyl orange as indicator. After obtaining 
the per cent of alkaline residue insoluble in alcohol, which comprises 
both silicate and carbonate, and borate if j.’re.sent, the anhydrous 
silica may be obtained separately by digestion with hydrochloric 
acid as follows: o 

Silica. —50 grams of soap^are ignited in a platinum dish until all 
the carbonaceous matter is burned off. 'I'he residual ash is treated 
with concentrated hydrochloric acid, and the whole evaporated to 
complete dryness over a water-bath. This decomposes the silicates 
into silica (Si()2) and chlorides of the bases. The latter, which arc 
.soluble, are dissolved with warm dilute hydrochloric acid and 
washed on to a filter. The residue is washed with warm water, 
f]ried on the filter at 100° C., and weighed as silica, which may be 
calculated into sodium silicate. 

To insure the absence of talc or ground cjuartz from the silicious 
residue it is necessary to make a se])arate test for insoluble matter. 
If insoluble mineral matter is found to be pre.scnt its .separation may 
be effected as follows: Dis.solve a weighed portion of the soap in 
water and allow the insoluble matter to subside. Decant the 
solution and wash the residue thoroughly. The soaj) solution may 
be evaporated to dryness and ignited at once, or the fatty acids may 
be .separated, preferably by means of hydrochloric acid, and the 
filtrate evaporated to dryness and digested a.‘'« described with con¬ 
centrated hydrochloric acid for the dehydration of the silicic acid. 

Much uncertaintv in the tran.sformation of .silica into sodium 
silicate and into sodium-silicate solution arises from ignorance of 
thq jiroportions of sand and .soda-ash u.sed in its manufacture, and 
of the jiroporlions of .sodium oxide and silica in the compound con¬ 
tained in the resulting solution which, as has been previously stated, 
as used in soap-manufacture is of a density of 40° Be. As an excess 
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of soda-ash is used in the manufacture of sodium silicate the com- 

0 

mercial product contains a greater or less amount (ff uncombined 
carbonate of soda>. The sodium silicate applicable for soap-manu¬ 
facture is considered to be a tctrasilicatc, Na204Si02, in which the 
ratio of soda (Na20) and silicic acid (Si02) is as follows: Na2(), 20.53 
per cent; Si02, 79.47 per cent. From analyses of sodium-silicate 
k^"'Olutions of known density and calculations therefrom,*a writer in 
Der Seijenjabrkani has compiled the following table based upon 
the composition of the alkaline silicate as a tctrasilicatc, which may 
be* found useful for the reduction of the percentage of anhydrous 
silicic acid found by analysis to its corresponding tetriisilicatc and 

to the weight of the original .sodium silicate solution containing it. 

« 

« 

TABLE XXXIX.—SODIUM (TETRA) SILICATE IN SODIUM-SILICATE 

SOLUTIONS. 


DeRrees Be. | 

Specific ^ 

Gravity. j 

-i 

c 

fctZ 

Cu 

So 

^ ca 

0 

4-.J5 

b. 

tf) 

bO 

0 

Specific “ 
Gravity. 

c 

^0 

cu 

S 9 . 

0 s 

p. 

« 

C« 

ucn 

':!o 

p.^ 

• 0 

1.0000 

• • • 


• ■ • 

23 

3.3 667 

14.3 

3-8 

t8.i' 

I 

I.0070 

0.7 

0.2 

0.9 

22 

1.3764 

35.3 

4.0 

19.1 

2 

I.OI 3 V 

i-.i 

0.4 

1-7 

23 

1.1856 

15 8 

4-1 

19.9 

3 

1.0200 


0.6 

2.6 

24 

1.3956 

16 5 

4-3 

20.8 

4 

1.0278 


0.8 

3-4 

25 

3 .2051 

17-3 

4-5 

21.8 

5 

1-0.352 

3.3 

0.9 

4.2 

26 

1-2153 

18.0 

4-7 

22.7 

6 

1.0426 


1.1 

.■>-1 

27 

I.2253 

38.7 

4-9 

23.6 

7 

I.0498 


1-3 

6.0 

28 

1-2356 

19.4 

5-0 

24.4 

8 

1.0570 


I-.? 

7,0 

29 

I.2461 

20.1 

5-2 

25-3 

9 

1.0657 


1-7 

7-9 

30 

I.2569 

20.8 

5-3 

26.1 

10 

10731 

6.9 

I .q 

8.8 

31 

3 2677 

21.5 

5-5 

27.0 

II 

1.0811 

! / 

2.0 

9-7 1 

32 

I 2787 

22.2 

5 7 

27-9 

12 

I.oSqi 

8.5 

2.2 

10,7 

33 

1.2905 

23.0 

5-8 

28.8 

13 

I. oo6() 

9-1 

2-4 

11 -.3 

34 

I ..3012 

2 . 3-7 

6.0 

29.7 

14 

1-1051 

9-7 

2-5 

12.2 

3.5 

1 .3432' 

24.4 

6.2 

30.6 

J 5 


10-3 

2-7 

33.0 

36 

1.3248 

25.0 

6-3 

31-3 

16 


10.9 

2.8 

13-7 

37 

1-3371 

25-7 

6.4 

32-1 

17 

I.1311 

11 - .5 

3-0 

14-5 

38 

I - 3490 

26 3 

6.6 

32.9 

18 

I.1398 

12.2 

3-2 

15-4 

39 

I.3616 

27.0 

6.8 

33-8 

IQ 

1.1487 

12.9 

3 4 

16 3 

40 

1-3751 

27.7 

7-0 

. 34-7 

20 

1.1576 

13 6 

3-6 

17.2 
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The total residue insoluble in alcohol may contain sodium 
parhonate, .sodium silicate, sodium hi borate, and insoluble matter 





















RAW-MATERIALS AXD FACWOR\^ PReOUCTS. g- 657 

as talc. Talf is determined separately# as insolCible matter. 
Sodium biborftte may be present, buf the high cost militates against 
its use even in so-called borax soaps., A qualitative test for borax 
may be made as follows: ]f the solution to be tested has to be evap¬ 
orated it first must be made alkaline, as txmc acid is volatile with 
steam. Add to the solid substance concentrated H2SO4 and alco¬ 
hol. Warm the mixture, set fire to it, and note whether the edges (jp* 
the flame are colored green. I'he color is best seen at the moment 
the alcohol is lighted. In the presence of chlorides the test i*s un¬ 
reliable, as ethyl chloride, which also tinges the flame green, is fornfed 
by their aefion on akohol. Another test is to acidify the solution 
slightly with HCl and partly dip a piece of turm6ric-])aper in it* 
and dry. Note whether thw dipped part assumes a red tint.* If 
the HCl is not very dilute, it imparts a brownish-black color to the 
turmeric-paper w'hich obscures the boric-acid test. 

The alkaline residue, as a rule, consists of the silicate and car 
bonate of soda, both oft which are determined volumctrically and 
expressed as NaaO. 'I'he silica from sodium silicate having been 
determined, the Na20 required to form the tetrasilicate is sub¬ 
tracted from the total Na20, leaving the remainder to be trans* 
formed into sodium carbonate. The water associate^ with the 
tetrasilicMte is included in percentage of moisture. 

Insoluble Matter.—The insoluble matter present in a soap 
refers to that portion which is insoluble in water, and usually con¬ 
sists of silica (ground quartz, sand, or silex) or talc. The character 
and relative amount of insoluble matter may be observed on dissolv¬ 
ing the portion of the sample intended for the determination of 
mixed fatty acids and combined alkali in water, and when conven¬ 
ient its determination*ca'h be made in this portion of the sample. Its 
determination is impprtant in the examination of sand or scouring- 
soap and soap-powder. A suitable weight of the sample is dissolved 
in water in a beaker of convenient size. After complete solution 
of the soaj) and soluble mineral matter as soda-ash and sodium 
silicate and deposition of the insoluble portion, the liquid is de¬ 
canted off and the insoluble matter is washed thoroughly, prefer¬ 
ably in the beaker, and is finally washed upon a tared filter, after 
which it is dried and weighed. 
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The insoluble matter includes also unsaponifiable mineral or 
hydrocarbon oil obtained frorn petroleum. To determine this a 
weighed portion of tlie soap js dissolved in water and the solution 
transferred to a separatory funnel. To this ether is added in the 
cold and the contents of tKc funnel are well shaken. Allow to stand 
until the ethereal solution separates, when it is run off into a tared 
‘^bfaker from which the solvent is evaporated on the Steam-bath. 
Mineral oil'is added to soap either to increase the cleansing action 
of the soap by^ the* solvent action of the mineral oil upon fatty mat¬ 
ter*, or is added as a filler or as a binding agent as mineral soap- 
stock. 

Rosin.—^Th6 ethyl ethers of fatty acids are most readily formed 
by acting on an alcoholic solution of the latter with hydrochloric- 
acid gas, the HCl merely serving to remove the water formed by the 
combination. This reaction 'I'witchell foun<l to l>e practically com¬ 
plete where the alcohol employed is absolute and the HCl gas is 
passed in to saturation. » 

On attempting to etherify resin acids (common rosin) in the 
same way, Twitchell found that no combination lakes place be¬ 
tween the alcohol and acid, and that when the solution is kept cool 
the resin acid is entirely unacted upon and can again be separated 
by diluting with water and boiling to collect the precipitate. 

The determination of rosin by the Twitchell method, which is 
the one generally used, depends on the fact that by the means indi¬ 
cated all the fatly acids arc ^combined to form ethers which arc 
neutral in alcoholic solution and unacted upon by alkah’s in the 
cold, while the rosin remains unchanged, reacts acid in alcoholic 
solution with phcnolphthalcin, and combines readily with caustic 
alkali to form a soluble soap. It is, therefoVc* simply necessary to 
effect combination of the fatty acids with alcohol, while the resin 
acids may be titrated with standard caustic-soda solution, using 
phcnolphthalcin as indicator, or they may be combined with caustic 
alkali and the rosin soap thus formed separated from the unsaponi- 
fied fatty ethers by extraction with naphtha in a separatory funnel. 

The gravimetric method is carried out as follows: 2 or 3 grams 
of the mixed fat and resin acids obtained as previously described 
arc dissolved in ten times their volume of absolute alcohol in a flask 
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and dry HCl gas passed through in a moderate streani. The flask 
is set in a v^sel with water to keep it cool. The HCl is rapidly 
absorbed, and after about 45 minutea the ethfcrs "separate, floating 
on the solution, and no more HCl is absorbed. The flask is removed 
and allowed to stand a half hour longer fo ‘ensure a complete com¬ 
bination of the alcohol and fatly acid. It is then diluted with about 
five times fts volume of water and l)oiled until the acid solution jf ‘ 
clear, the ethers with rosin in solution floating on life top. To 
this is added .some naphtha and the whole tranSferre^d to a separa¬ 
tory funnel, the flask being washed out with naphtha. The a'cid 
solution is*then run off and the naphtha solution, which should 
measure about 50 cubic centimeters, is washed once*with water and 
then treated in the funnel with a solution of 5 grams KOH and 5 
cubic centimeters of alcohol in 50 cubic centimeters of water and 
agitated. The rosin is immediately saponified and the two layers 
separate completely. The solution of rosin soap can then be run 
off, treated with acid, tht* rosin collected in any manner desired, dried 
and weighed. A second washing of the soap with naphtha is hardly 
necessary, as very little remains after the first extraction. 

' The first stages of the volumetric method are similar to thosa 
of the gravimetric, with the exception that the contents,of the flask 
are washed into the separatory funnel with ether instead of naphtha, 
and the ether solution in the funnel is then thoroughly washed with 
water until the wash-water is no longer acid; 50 cubic centimeters of 
alcohol previously neutralized an* thei^ added and the solution titrated 
with standard NaOH solution, using phenolphthalein as indicator. 

The determination of rosin as devised by Twilchell gives the 
most satisfactory results, which, while not absolutely accurate, arc 
within the limits ordinarily required in soap analysis. The wide 
variation in the combining weight of rosin imparts uncertainty to 
the results obtained by the volumetric method, while by the gravi¬ 
metric method low results arise from failure to extract unsaponifi- 
able portions of the rosin from the petroleum-ether layer. Lewko- 
witsch believes that under the action of hydrochloric acid the resin 
acids appear to undergo some destruction with the formation of 
acids of lower molecular weight, which would account to a degree 
for the low results by the volumetric method; while in the gravi- 
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metric method, low rcsvlts arise not only from the rcdson stated, but 
from the passage of these second ar)-^ products into theft-aqueous solu¬ 
tion without beinig extracted, by the petroleum ether. 

As a qualitative test for rosin Gottlieb’s method is reliable and 
easily made. •* ' 

The soap is dissolved in water and heated to boiling. A strong 
'“’’‘^lution of MgS04 is added until the fatty ‘acids arc* completely 
precipitated. The magnesium resinates remain in solution. After 
boilifig 2 to 3 minliics the solution is filtered and the hot filtrate acidi- 
fiAi with H2S04- 3 n the presence of rosin the liquid becomes turbid, 
due to the separated resin acids. The boiling should be continued 
for half an hoilr, to make sure that the turbidity is due to the resin 
acids and not to volatile fatty acids. « 

Barfoed recommends as a qualitative test for rosin to dissolve 
the soap or mixed fat and resin acids in 8o per ( ent alcohol, and 
add an excess of an alcoholic solution of CaCl2 with ammonia to 
alkaline reaction. After cooling, the precipitate is washed and 
filtered. The filtrate contains the calcium salt of the resin acids, 
together with a slight amount of calcium olcatc. If it is now acidi¬ 
fied with HCl the resin separates as a soft, gummy, and viscous mass. 

Fatty Acids.—The chemical examination of the fatty acids ob 
tained by decomposing the soap with mineral acid, to determine 
the nature of the slock used, is a difficult problem. Frequently the 
efforts made to solve it by analysis are not always warranted by the 
facts. Practical experience in soap-boiling, combined with a knowl¬ 
edge of the chemical and physical characteristics of the soap-stock 
available or suitable for the manufacture of any given soap and 
their prevailing market price, the percentage of rosin in the case 
of a rosined soap and other data obtained in'thV course of the analy¬ 
sis of the sample, and most important, the physical appearance, j)ur- 
posc, and selling price of the soap, arc adequate to indicate the 
nature of the ingredients used and their probable relative propor¬ 
tions. Facts obtained by analysis combined with the facts enu¬ 
merated are in every case superior in definiteness and reliability to 
the results of any chemical or physical examination of the liberated 
fatty acids, and for all i)ractical and necessary purposes in soap- 
manufacture are the only facts to be depended upon. 



RAW MATERIALS AND FACSORy* PRODUCTS. 66i 

t 

The cxamifiation of the fatty acids comprise the observation of 
their color, otior, and taste, together* with the melting and solidify- 
ing-points, the alkali absorption or combining ^veight and the iodin 
number. 'A disturbing element in any examination is the fact that 
fatty acids from a mixture of fats will gfvs chemical and physical 
constants that approximate those of a single fat. Sole dependence 
upon chemical analysis *in such a case cannot result in other th£U»' 
erroneous conclusions. Bleaching, refining, and compounding, to 
which much soaji-stock is sulijccted, modify t<l*a greater of less 
extent the characteristics of the original material. With, howeWT, 
a mixture ctf two fats in their natural state, without having under¬ 
gone any material change by bleaching, refining, et?., it is [lossiblc 
to ascertain with considerabk; accuracy the nature of the fatty atids 
by means of the iodin number. 

Detkrmination of Iodin .Absorption by Hdbl’s Method. 

Preparation of Reagents .—Iodin Solution .—Dissolve 25 grams 
of pure iodin in 500 cubic centimeters of 95 per cent alcohol. Dis- 
Sjplve 30 grams of mercuric chlorid in 500 cubic centimeters of 9^ 
per cent alcohol. The latter solution, if necessary, is filtered, and 
then the two solutions mixed. The mixed solution sh*ould be al¬ 
lowed to stand 12 hours before using. 

Dccinormal Sodium Thiosulphate Solution .—Dissolve 24.8 grams 
of chemically pure sodium thiosulphate freshly pulverized as finely 
as possible and dried between filter' or blotting-paper and dilute 
with water to 1 litre at the temperature at which the titrations arc 
to be made. 

Starch Paste. —One*gram of starch is boiled in 200 cubic centi¬ 
meters of distilled water for 10 minutes and cooled to room tem¬ 
perature. 

Solution of Potassium lodid .—One hundred and fifty grams of 
potassium iodid arc dissolved in water and made up to i litre. 

. Solution 0} Potassium Dichromate .—Dissolve 3.874 grams of 
chemically pure potassium dichromate in distilled water and make 
the volume up to i litre at the tcmiieraturc at which the titrations 
4re tp be made and standardized against pure iron wire, 
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Standardizing the , Sodium-thiosulphate Solution. —Place 20 
cuJoic centimeters of the i)ota^sium-dichromate solution, to which 
has been added 10 rubic centimeters of the solution of potassium 
iodid, in a 'glass-stoppered flask. Add to this 5 cubic centimeters 
of strong hydrochloric .-.acid. Allow the ' solution of sodium-thio¬ 
sulphate to flow slowly into the flask until the yellow color of the 
•liquid has almost disappeared. Add a few 'drops of. the starch 
paste, and with constant shaking continue to add the sodium-thio¬ 
sulphate solution tmtil the blue color just disappears. The number 
of cubic centihicters of thiosulphate solution used multiplied by 5 
is equivalent to i gram of iodin. 

Example. —twenty culiic centimeters K2Cr207 solution re- 
quiied 16.2 cubic centimeters sodium thiosulphate; then 16.2X5 = 
8 t ^number of cubic centimeters of thiosulphate solution, equivalent 
to 1 gram of iodin. Then i cubic centimeter thiosulphate solution 
= 0.0124 gram of iodin. Theory for dccinormal solution of so¬ 
dium thiosuljihate, i cubic centimeter =^^.0127 gram of iodin. 

Weighing the Sample. —Weigh about 1 gram of fat or 0.500 gram 
of oil* or a corresponding amount of the fatly acids on a small 
watch-crystal or any light weighing-glass. The fat is first melted, 
mixed thoroughly, poured onto the crystal, and allowed to cool. 

Introduce the ivatch-crystal into a wide-mouth 16-ounce bottle 
with ground-glass stopper. 

Absorption of Iodin. —The fat or oil in the bottle is dissolved 
in 10 cubic centimeters of chloroform. After complete solution 
has taken place, 30 cubic centiiiieters of the iodin solution arc added 
in the case of fats, or from 40 to 50 cubic centimeters f iu the case 
of oils. Place the bottle in a dark place and allow to stand, with 
occasional shaking, for 3 hours. J q'here must be a large excess of 
iodin or the results will not be satisfactory. 

*With drying-oils which have a very high absorbent power o.ioo to 0.200 gram 
should be taken. 

t F. Ulzer, Jour. Soc. Chem. Ind., iSqS, 17, 276, .says iodin should be in excess 
about twice the amount that is absorbed. The solution loses strength with agc,*hut 
can be used .so long as 35 cubic centimeters of dccinormal thiosulphate neutralize 25 
cubic centimeters iodin solution. R. Hcnrit|ucs, Zeitsth. anal, ('hem., 1901, 40, 429, 
says iodin .should be u.sed in excc.s.s at least 60 per cent of amount added. 

J The timq allowed docs not give the complete iodin absorption power of an oij oy 
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Titration df the Unabsorbed lodin.—^dd 20 cubic centimeters 

of the potasskim-iodid solution and*then 100 cubic centimeters,of 
distilled water to the contents of the bottle. Wash any iodin which 
may be noticed upon the stopper of the bottle back into the bottle 
with the potassium-iodid* solution. Titrate 4 Jie excess of iodin with 
the sodium-thiosulphate solution, which is run in gradually, with 
constant shaking, until *lhe yellow color of the solution has almost 
disappeared. Add a few drops of starch paste, and sontinue tlie 
titration until the blue color has entirely disappeared. Toward 
the end of the reaction stopper the bottle and shake violently,* so 
that any i&din remaining in solution in the chloroform may be 
taken up by the potassium-iodid solution. The extess of sodium- 
thiosulphate solution should, be sufficient to prevent a reappeartince 
of any blue color in the flask for 5 minutes. 

Setting the Value of Iodin Solution by Thiosulphate Solution.— 
At the time of adding the iodin solution to the fat, two bottles of 
the same size as those ^used for the determination should be em¬ 
ployed for conducting the operation described above, but without 
the presence of any fat. In every other respect the performance 
of the blank experiments should be just as described. These blanj: 
•experiments must be made each time the iodin solution is used. 

Example Blank Ddcrminations .—Thirty cubic centfmeters iodin 
solution required 46.55 cubic centimeters of sodium-thiosulphate 
solution. Thirty cubic centimeters iodin solution required 46.65 
cubic centimeters of soflium-thiosulphate solution. Mean, 46.6 
cubic centimeters. 


Per cent of iodin absorbed: 

Weight of fat taken.,. 1*0479 grams 

Quantity of iodin solution used.40.0 cubic centimeters 

Thiosulphate equivalent to iodin used.62.1 “ “ 


Thiosulphate equivalent to remaining iodin. . 30.2 “ “ 

Thiosulphate equivalent to iodin absorbed. . 31.9 “ “ 

Per cent of iodin absorbed, 31.9X0.0124X100-^-1.0479 = 37.75. 


fat and cannot be compared with determinations where six to twelve hours have 
been used. It gives very satisfactory comparative results, but the time factor must 
be very closely adhered to. 
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Glycerin - in Soap.-7-Thc presence of glycerin ill considerable 
amount in a soap that has not® been milled is indispuftablc evidence 
that it .has not been .made by the grained process wherein waste lye 
is withdrawal, but is according to its texture and other characteristics 
either a cold-process ot semi-boiled soap. ‘ The preparation of the 
solution in which glycerin is determined involves the decomposition 
'►^pf a weighed quantity of the soaj) with mincrafacid, preferably sul- 
pliuric, and. the removal of all organic matter that would be oxidized 
by the bichromate, solution. The filtrate containing the glycerin 
may be concchitrated to a convenient bulk, taking care to avoid 
loss of glycerin, or the determination may be made diteclly. The 
determination glycerin in transparent soap is a difficult problem 
owing to the presence in greater of leirs amount of sugar. Freycr 
determines the sugar as follows: 16-28 grams of the soap are dis¬ 
solved in 50-100 cubic centimeters of water and 10 per cent barium- 
chloride solution added, with vigorous shaking, till the formation 
- of foam ceases. The liquid is then made up to 260 cubic centi¬ 
meters, 10 cubic centimeters being allowed for the volume of the 
barium precipitate, and the filtrate is polarized, then examined for 
reducing-sugar, inverted, and again polarized, or the sugar, after 
inversion, determined gravimetrically. 

Donath and Mayrhofer determine the glycerin by adding to the 
filtrate from the fatty acids a quantity of slaked lime sufficient to 
combine with the sugar present and an ecjual quantity of washed 
and ignited sand. The solution is concentrated to the consistency 
of a syrup. The residue is extracted with equal volumes of alcohol 
and i‘thcr. The extract will contain all the glycerin free from sugar 
and may be determined by either the acetin or bichromate method. 
Qualitative test for sugar may be made with Fehling’s solution. 

Chlorides and Sulphates.—For the determination of chlorides a 
weighed portion of the soap is decomposed with nitric acid and the 
filtratg from the fatty acids made up to a convenient volume. An 
aliquot portion is taken for titration. After neutralizing with 

N 

sodium carbonate, titrate with — AgNOs solution, using potassium 

chromate as indicator as before described. 

To determine sulphates, the soap is decomposed with hydro- 
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chloric acid -aiyi to the filtrate from the fatty aCids, \^hile *hot, an 

excess of BaCl2 solution is added. The precipitate is dried on the 
filler to constant weight, the tare of the filter deducted, and the 
residue cakulated as sodium sulphate.* • 

Statement of Results.ir-The following outline represents a form 
for the statement of the results of the analysis 


ingredients. ' 

Per Cent. 

Per Cent. 

Per Cent. • 

Moisture. 



• 25.08 

Free fat, rosin, mineral oil, etc.. 

0-97 


• 

Free alkali, NaOH. 

O.IO 

• 

• 

Sodium carbonate, Na2C03 .... 

1.82 



Sodium silicate, Na204Si02. - -. 

1.40 

• 

• 

Total unsaponified matter,. 



4-29 

Fat anhydrides.. .•. 

37-94 

• 


Rosin... 

26.30 



Total anhydrides. 


64.24 


Combined alkali, Na2Q. 


6.65 


Anhydrous soap. 



70.89 


Total 


100.26 


’ Fat exists in soap as fat anhydrides in combination \\{ith sodium 
oxide, but is separated and weighed as fatty acids. To transform 
fatty acids into fat anhydrides multiply the former by the factor 
0.97; to transform fat anhydrides into glycerides divide the former 
by 0.9. ^ 
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TABLE XL.—CONTPARI?ON OF CENTIGRADE DEGREE?. WITH FAHREN¬ 
HEIT DEGREES AS A BASIS.' ^ 

°Fahr.-=°C.Xg + .I2. 
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t 

C. 
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45 
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88 

31 1 
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16,1 

' 46 
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89 
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55-0 
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78-3 

. 4 

15.6 

47 
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90 

32.2 
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SS-6 
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.S 

15.0 

, 48 

8.9 

91 

32.8 
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56.1 
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ti 

14.4 

49 

9.4 
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5O.7 
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r 

13 9 
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10 0 

93 

33-9 
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8 

f 

13 3 

SI 

10.6 

94 

34-4 

136 

.S 7.8 

178 

81.1 

0 

12 8 

' S2 

IT. I 

9 S 

35-0 

137 

5«-3 

179 

81.7 

10 

12.2 

S 3 

11 7 

9O 

3 S 0 

138 

s 8.9 

■ 180 

82.2 

11 

11 7 

1 .S 4 

12 2 

97 

3 ().i 

139 

.S 9-4 

181 

82.8 

12 

11 I 

' 5 S 

12.8 

98 

3O 7 

1 ^0 

60 0 

182 

83.3 

^3 

10 6 

^ SO 

' 3-3 

99 

37-2 

141 

60.6 

183 

83-9 

14 

10 0 

1 37 

13-9 

100 

37 8 

1 142 

6t . I 

184 

84.4 

J 5 

9 4 

1 

14.4 1 

101 

38-3 

143 

61 . 7 

I8S 

85.0 

i6 

8.9 

S 9 

IS 0 1 

102 

38.9 

1 144 

f)2 . 2 

186 

85.6 

17 ■ 

8 3 

! ( K ) 

iS 0 ! 

103 

39 4 

; NS 

62 8 

187 

86.1 

i8 

7.8 

; Oi 

16 I 1 

104 

40 0 

140 

03 3 

188 

86.7 

19 

7-2 

1 

] (). 7 ' 

I OS 

40 () 

! 147 

O3 9 

189 

87.2 

20 

6.7 

; 03 

17 2 

10() 

41 I 

' nS 

64.4 

190 

87.8 

21 

6 1 

' 04 

17.8 

107 

41 7 

149 

65 0 

191 

88.3 

22 

5 -^> 

, 05 

18 

108 

42 2 

, I.so 

65 () 

1 192 

88 9 

23 

5 0 

; w> 

18 9 

I0() 

42 8 

i IS I 

60 . 1 

193 

89.4 

24 

4.4 

1 67 

19.4 

1 10 

43 3 

; 152 

66 7 

194 

90.0 

25 

3-9 

j 6S 

20 0 

I 1 T 

43 9 

IS 3 

67. i 

1 I 9 S 

90.6 

26 

3-3 

1 (v 

20. () 

1 12 

44 4 

IS 4 

67.8 

I 196 

91.T 

27 

2.8 

' 70 

21 I 

I '3 

4 S '0 

I.SS 

68.3 

197 

91.7 

28 

2.2 

71 

21 7 

1 T 4 

4 S 0 

150 

08 9 

198 

92.2 

29 

1-7 

72 

22.2 

IIS 

40 T 

IS 7 

69.4 

199 

92.8 

30 

1.1 

73 

22 8 

116 

46 7 

158 

70 0 

200 

93-3 

31 

0.6 

74 

23 -3 

117 

47.2 

I.S 9 

70.0 

201 

93-9 

32 

0 0 

7 S 

23-9 

118 

47.8 

lOo 

71.1 

202 

94.4 

33 

0.6 

70 

24 4 

11(^ 

48.3 

161 

71 7 

203 

9 S 0 

34 

1 . 1 

% 

// 

2S 0 

J2t, 

48 9 

162 

72 . 2 

204 

9 S .6 

3 .'; 

1 7 

78 

25 6 

121 

49.4 

1O3 

72 8 

205 

90.1 

3 <> 

2 2 

79 

2O 1 

122 

50 0 

164 

73 3 

206 

96.7 

37 

2.8 

80 

26 7 

123 

SO 6 

lo.s 

73 9 

207 

97.2 

38 

3 3 

Si 

27.2 

124 

SI I 

if)f) 

74-4 

208 

97.8 

39 

3 9 

82 

27 8 

125 

51-7 

i(r 

7 S -0 

209 

98.3 

40 

4-4 

83 

28.3 

120 

S2.2 

U)S 

7 S -6 

210 

98.9 

41 

5 0 

84 

28 9 

127 

52 8 

169 

76.1 

211 

99.4 

42 

43 

.S-6 

6 I 

8S 

80 

29 i 
30.0 

128 

53-3 

170 

7O.7 

212 

100.0 
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TABLE XLl.—COMPARISON OF FAIIRENIIETT*DEOREES WITH CENTI- 
• ORADE DECREES*AS A BASIS. 

° C. - (°Fahr.- 32 )§ • • • 

For Tempkraturks Bia-ow the Fr EEZiisro-roiNT ok Wa^er. 


c. 

F. 

1 

i (• 

1 

— 

F. 

• 

• 


■ 

! 

c. 

F. 

0 

• 

U 

1 

1 

1 ^ 

*. * 

U 

0 

0 1 

_ 

0 

0 I 

• 0 

T.* 

40 

40.0 

1 31 

23 ‘S ! 

22 

7 

16 

3 2 

• . 

/ 

ig .4 

. V ) 

2 

30 

22 0 i 

21 

5 .S . 

15 

«-o 

6 

• 21.2 

. 3 « 

3 ^’ 4 

-() 

20 2 i 

20 

4 0 

•4 

O.S , 

, 5 

23.0 

37 

34 

1 2S 

1S.4 , 

If) 

2 2 

'3 

S 6 

4 

24* S 

3 ^> 

32 s. 

27 

16 () 

iS 

0 4 , 

J 2 

TO.4 


26 6 

35 

3 ' 0 

j (> 

14 s 

17.77.S 

0 0 

1 I 

12.2 


28.4 

3-1 

2 i ). 2 

■ 25 

'3 0 

— 


10 

14 

] 

30.2 • 

33 

37.4 

24 

j I . 2 1 


u 1 

<) 

15 S 

0 

32.0 

32 

25.0 

23 

‘).4 ' 

• 1 

• ^7 

1 1 

s 

17.0 




Ft>R TeMI'EKATUKI S AiJ()\ K TffK FRI'l'.7IN;(;-l’niNT OR Wvil K. 


C. 

F. 

c. ' 

-.1 

C. 

1 

F. 1 

! 

F. 

- 1 

F. 

+ 

+ ■ 

. 

+ 

+ 

+ i 

+ 

+ 

1 

+ : 

+ 

0 

0 

0 

0 

0 

0 i 

u 

0 

0 

0 

I 

33-8 

26 

78.8 

5 ' 

123 8 

7 ^ 

168.8 

lOl 

213.8 

2 

35 ■ 

27 

80.6 

i 52 

125.6 ; 

77 

170.6 

102 

215.6, 

3 

37 - I 

28 

82.4 

53 

127 4 1 

78 

172.4 

103 

217.4 

4 

. 3 fl -2 1 

2f) 

8}.2 

i 51 

I 2 () 2 ' 

7 ‘) 

174.2 

JO4 

2 I 0.2 

5 

41 .0 

30 

So 0 

■ 55 

131.0 1 

80 

176.0 

105 

221.0 

f) 

42 8 

31 

87.8 

5 f> 

132.8 1 

81 

177.8 

106 

222.8 

7 

.44.6 , 

32 

8() 0 

57 

1.U 

82 

17g. 6 

107 

224.6 

8 

40 4 

33 

gi . 1 

i 58 

J.36 4 

83 

181.4 

108 

226.4 

0 

48 2 

34 

03 • 2 

1 50 

138. .•» 

84 

183.2 

log 

228.2 

10 

50.0 

35 

05-o 

1 fK> 

' 

140% 0 

85 

1 

185 0 

110 

230.0 

11 

51 8 , 

3 ^> 

()0 8 

i ^’1 

14 1 8 

j 86 

186 8 

III 

231.8 

12 

53 A) 

0/ 

g8.0 

i O2 

143 (> 

! 87 

188 6 

112 

■!. 33 .^> 

J 3 

55 ■ 4 

38 

100.4 

! (>3 

145 4 

88 

igo.4 

113 

235-4 

14 

57 • 2 

3 ‘> 

1,02 ^2 

1 ^’4 

147 2 

, 

ig2.2 

1 14 

237.2 

15 

50 0 

10 

104.0 

: ^’5 

148 0 

■ go 

ig4.o 

115 

230.0 

16 

1 

60.8 

41 

105.8 

I 66 

150 8 

1 0> 

105.8 

116 

240.8 

■7 

(12 6 

42 

107.0 

<>7 

152 6 

‘)2 

11)7.6 

117 

242.6 

18 

04.4 1 

43 

log.o 

68 

154.4 

03 

100.4 

118 

2.44.4 

H) 

f)0 2 

44 

111 . 2 

, (>o 

156 2 

04 

201.2 

iig 

246.2 

20 

f)8.o 

45 

113.0 

i 70 

158.0 

■ 05 

203.0 

' 120 

248.0 

2’I 

0().8 

46 

114.8 

' 71 

15g. 8 

g6 

204.8 

121 

S 4 Q .8 

22 

71.0 

47 

llO.O 


161.6 

07 

206.6 

1 22 

251.6 

23 

73-4 

48 

118.4 

: 73 

163.4 

gS 

208.4 

123 

253-4 

24 

75-2 

40 

120.2 

74 

165.2 

00 

210.2 

124 

255-2 

25 

77.0 

■50 

122.0 

i 

167.0 

100 

212.0 


257-0 




501 8 
503 • 

, 505 4 
507 2 
50U O 



582.8 

584.6 

586.4 

588.2 
590.0 

591.8 

503 ■ ft 

595 ■ 4 
597-2 
599.0 

600 8 
()oj 6 

fto4 • 4 
606 2 
608. o 

609.8 

611.6 

613.4 

615.2 
617. j 
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For Temp^raturks. Above the FREEZiNo-Poys'T op Water— Continued. 


c. 

F. • 

“•— 

c. 

F. 

C. 

• 

F. 

C. 

F. 

C. 

F. 

■f 

.+ 

+ 

+ 

+ 

-f* 

• 

.+ 

"+ 

L +" 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

r ^ 

0 

351 

ft63.cS 

361 

681 

371 

^K;g. 8 


717.8 

1 391 

735-8 

352 

665.6 

362 

^>83.6 

372 

701 .6 


7iy.6 

[ 392 

737 

353 

667 4 

3^>3 

685 4 

373 1 

703 4 

3 t ^3 

721.4 

1 393 

7 . 39-4 

354 

Mk) . 2 

3^>4 

, 68 j 2 

374 

705 2 

3S4 

723-2 

.394 

741.2 

355 

67j*o 

3^5 

68(^ 0 

375 

707 0 

: 3‘'^5 

1 

725-0 , 

395 

744-® 

35 '^' 

672. S 

566 

6c;o.8 

37 ^’ 

708 8 

! 3 ‘'<^> 

726.8 

• 

39 f> 

744-8 

357 

674.6 

3^’7 

6fj2 6 

377 

710.6 


928 6 

397 

• 746 6 

35 « 

676.4 

3 f'S 

601 4 

37 « 

712 4 

! 388 

730 

398 

748.4 

359 

67S _> 1 

3 f'(> 

6c)6.2 

379 

714 2 

' 381) 

732 2 

399 

7 % 2 

360 

680 K) i 

370 

fK)8.0 

380 

716.0 

390 

73 » 0 

400 

752.0 


I 

1 






• 

4.50 

842.0 


i 







500 

932.0 


i 


* 

<• 







•TAIilJ-; XTJI. Sl’I-X lFU' (IKAVJTV OK SKlJ’ni RK' A('IT). 


Dt-cn-i-s 

UuutDc-. 

Sju-c ifu 
Gravil >. 

Wc-i^lit >>f 

1 ( 4 ilii(. 
Fool 111 
i’ciniRls. 

I’lT Cl-Ilt 

0. V. 

PminiK 

0 V 111 

1 Cubic. 
Feet. 

lit iircc s 

Pit Cvnt 
11^S()4, 

0 

I .000 

f 

<>2 37 

0.00 

0.00 

0 

0 000 

1 

J .007 

<)2 81 

J 00 

0.63 

li 

o-9.3.5 

2 

1 .014 

^3 24 

2 50 

1 

-1 

2 3.37 

3 

1 .021 

63 68 

3 96 

2-33 

4 

3.422 • 

4 

I .028 

6 1 . 1 2 

5 00 

3 21 

5 i 

4-975 

5 

J .036 

61.62 

6 00 

3.88 

7 * 

5.610 

6 

1 043 

95 05 

7.00 

4 ■ 55 

8J 

9.545 

7 

T .051 

95 55 

8 00 

5 24 

io 

7 480 

8 

I 058 

65 g<) 

g 00 

5 94 

11 i 

8 415 

9 

J .066 

66 4() 

10.25 

6 82 

'3 

9 - 584 

JO 

1 074 

66 gg 

11.50^ 

7.70 

15 

10 752 

11 

I .082 

97 48 

12 50 

8 44 

16^ 

11.687 

12 

T 0 t )0 

67.g8 

13. f)0 

9-25 

18 

12.716 

13 

I .oq8 

(.8 48 

14.70 

10 07 

I 9 i 

' 3-741 

14 

I . 107 

6g. 04 

16 00 

11.05 

21 1 

1 4 .()(K> 

15 

1.115 

* 9f,* 54 

0 

0 

11.82 

.=8 

15-895 

16 

1.124 

. 70.10 

iS 25 

12.79 

25 

17.064 

17 

2 - 1.33 

70.67 

I g. (K) 

13 85 

26J 

18.326 

j8 

J . 142 

7023 

21.00 

14.96 

28^ 

19-9.35 

19 

1.151 

71 -79 

22 00 

15 79 

.30 

20.5 70 

20 

1.160 

72-33 

23 25 

16 8j 

32 

21 - 7.39 

21 

I . l(x) 

72.gr 

24 - 50 

17.86 

34 

22.907 

2 2 

1 .17g 


26.00 

1 g. 12 

39 

24.310 

23 

J .188 

74.10 

27.25 

20.1 g 

37 i 

25-479 

24 

I. ig8 

74-72 

28.50 

21.30 

39 i 

26.647 

25 

1.208 

75-34 

30.0c 

22.60 

41 i 

28.050 
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SPECIIMC ClRAVirV OF SULPHURIC XCID -Continued. 


K . 

DcRrci's 

Baumc. 

, Specific 
Gravity. 

f 1 

WciRht of 
\.Culr c Foot 
in Pounds 

-•- 

Per Cent 

0. V. 

Pounds 

0. V. in 

I Cubic Foot. 

1 

DcRroes 

Tw. 

Per Cent 
II-^SO*. 

26 


75-97 

31-25 

23,74 

43J 

59.219 

27 


76.6.< ' 

32-75 

25 10 

46 

30.621 

28 


77.28 

34 -oo_ 

26.28 

48 

31-790 

2<) 


77.96 

. 35 -.50 

27.68 

50 

33-192 


HI |H 

78.65 

37.00 

29.10 

52 

' 34-595 

3 > 


79-33 

38.37 

.30.44 

54 i 

.35-876 

32 « 

1.283 

•1 80.02 

.39 - 75 

31.81 

56^ 

.37.166 

33 

1.299.* 

80.77 

41.25 

33-32 

59 

.38.569 

34" 

1. •?o6 

81.46 

42.62 

34 • 72 

61 

.39-8.50 

35 

1.318 

82.20 

44.00 

36.17 

63^ . 

41.140 

36 

1-330 • 

82.95 

45-50 

.37 - 74 

66 

42.542 

37 . 

1-342 

83.70 

47-00 

39 • 3 » 

()8J 

43-945 

3S 

1-355 

84-51 

48.50 

*40.99 , 

7 ' 

45 -.347 

39 

1.36S 

85 32 

50.00 

42.66 

73 * 

46.750 

40 

1.381 

■ 86.13 

51-SO 

44.39 

76 

48.^52 

41 

I • 394 

86.9^ 

53-00 

46.08 

79 

49-555 

42 

1.40S 

87 82 

54 - .50 

47 86 

81J 

50-957 

43 

j .421 

88.63 

56.00 

49.63 

84 

52 . 3 fX 3 

44 

I 43 

89 • 5fi 

57 .50 

51 -^o 

87 

53-762 

45 

1.450 

90.44 

59 00 

53-36 

90 

55-165 

46 

T. 465 

91-37 

60 50 

55 - 28 

93 

56.567 


I 479 

92.25 

62.00 

57 -.50 

96 

57-970 

48 

1 495 

93 24 

^'3 50 

59 21 

99 

.59-372 

49 

I CIO 

94 '8 

6q 00 

61 22 

102 

60.775 

50 

1 . 5 !>(i 

05 . 1 s 

(>i !.50 


1»5 

(52,177 

51 

1-542 

96 17 

68.00 

65.40 

108J 

63.580 

52 

I -559 

97 23 

( k ) . 70 

67.77 

112 

6 5. I ( K ) 

53 

I 576 

98 30 

71 - .30 

70.09 

1 '5 

66.665 

54 

I 593 

99 - 36 

73.00 

72.53 

1 i8i 

68.255 

55 

1.611 

100 48 

7f-60 

74.96 

122 

69-751 

56 

1.629 

loi f)0 

76.20 

77-42 

126 

71.247 

57 

1.6)8 

102.79 

77-«7 

80 O) 

i 29 i 

72.808 

58 

I 666 

103 91 

79 50 

82.61 

133 

74.332 

59 

1.686 

105.16 

81.30 

«5 50 . 

137 

76.015 

60 

I.706 , 

106 40 

83.00 

88 3/ 

I4I 

77.605 

61 

1.726 

107.65 

85 00 

91.50 

145 

79-475 

62 

1-747 

108.96 

87.00 

94 80 

149* 

81.345 

63 

1.768 

110.27 

8(). 00 

98. 14 

i 53 i 

83.215 

64 

1.790 

111.64 

91.62 

:o2.29 

158 

85.665 

64* 

1.801 

112.33 

93.12 

104. f)0 

160J 

87.067 

643 

1.897 

112.70 

94.00 

105.94 

161} 

87.890 

f '5 

I.S12 

113-01 

94 70 

107 02 

162! 

88.544 

653 

1.818 

113-39 

95 66 

108.47 

163I 

89.442 


1.824 

113.76 

96 80 

110.12 

164! 

90.508 

653 

1.830 

114.14 

98.33 

112.23 

166 

91-9.39 

66 

i-«35 

114-4.5 

100.00 

114-45 

167 

93 - 500 
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StXndarps Adoptkd. 

Baume Hydrcjjnetcr 
M(xlulus= 145. 

66th degrcc = Sp. Gr. at standard temiH'falusr, 60° F. 
I cu. ft. of wat(T = 62.37 

* • n.jSt)4= 100. * • 



• 

H:,S04 

. 0 . V. 

60 

0 . V_ 


■ • 0.^ 50 

100 

120.48 

60 "^. 


• n-<K)$ 

83 

105 

50 °. 


. 62.18 

6 U 5 

8 o«I 2 

• 

Approximate Boiling-points. • 


Acid. 

F. 

Acid. 


• F. 

50 °. . . . 

. 2 Q 1 

63 °. 


• • -42.3 

60 °. . . . 

. 378 

64 ". 


...446 

61 °. . . . 

. 3 S 8 

65 °. 

. • . 

•••473 

62 °; . . - 

. 40.3 

66 °. 


.•.522 



Piiiintjp 00° 


P'-iind-s so'’ 

Per Cent (10'*. 

in 1 ('uhie 

1*1il. 

Pi-r 0 111 st'°. 

in I fuliic 

• 

62 05 

■ . 33-44 

77 4 1 

• 

66. 70 

63 85 

55 • 5 ^ 

76 70 

( k ) . 2 <) 

65 66 

57.66 

81 6.3 

7 * 97 

f >7 47 

• 56•80 

84 21 

74 9 ^ 

6<1 28 

05 

86 47 

77-44 

71 oS 

64 28 

88 72 

80.24 

72.8() 

66 60 

60 ()8 

8.3 - *3 

74.70 

68 ()i 

9,1 ^3 

86 00 

7^»-50 

7 ' 33 

63 46 

80 03 

78.3' 

7 3 7.3 

97 74 

62 05 

K0.12 

7 n. 2 r« 


u:>.is 

8j 63 

78.70 

102 26 

98 34 

83.68 

81.65 

104 81 

101.01 

85.6° 

84 44 

107.22 

105.40 

87- 9.3 

87 .36 

106 77 

100.07 

8(1 88 

90 3t 

112 18 

112 72 

6r 81 

63 28 

114 .39 

116 42 

03.82 

66 44 

% 17 10 

120.37 

9.3 78 

99 .32 

I '9 . 3.3 

T24.22 

97 9,3 

00 

122.26 

*28 57 

100 00 

106 40 

124 81 

132 80 

102 41 

110 24 

127 82 

137.60 

104 82 • 

• I 14 2 t 

J.30 83 

142.55 

107.23 

I 18 24 

*.33 83 

* 47-.'7 

110 36 . 

123.24 

137-77 

1 . 3 . 3 -81 

] 1 t TO 

128.04 

142.41 

i(io 94 

I20.48 

137-89 

*. 30 -.38 

172. II 


Al LOWANCl'; FOR Tkmperaturk. 


10° B. 4 ^'° F.= 1°B. 

5 o°B.31.8° 

30° B.30.25° F. = i° B. 

40° B.31 •4(1° F.= i° B. 


50° B.34-6y° F. = i° B. 

(ro° B.40.00° F. = 1° B. 

66° B.43-24° F. = i° B. 
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TABL^ Xlilll.—SPKCfFIC GRAVITY OF HYDROCHLORIC ACID. 


< 

Specific 1 
Gravity 
at V* C. 
(tn 

vacuo). 

Dcrtccs 

Daumc. 

r “ 

DcRrees 
Twad. 




ICO Parts c 

t 

orrespond to 


HCl 

Bcr t'ent. 

iS" 

Bauim- 
Aciil Per 
Cent. 

10® 

Bauiriu 
Aciri rer 
Cent. 

20* 

Baumd 
Acid Per 
Cent. 

21* 

Baume 
Acid Per 
Cent. 

2 2® 

Baumd 
Acid Per 
Cent. 

1.000 

0.0 

0.0 

0 

16 

0 

% 

57 

0 

5 . 3 t 

|0 

49 

0-47 

0-45 

Vjioo5 

o .,7 

1 

I 

15 

4 

08 

3 

84 

3 

58 

. 3 *. 42 

3-25 

I .010 

\ 4 

2 

2 

14 

7 

( k > 

7 

14 

6 

66 

6.36 

6.04 

1 015 

2.1 

3 

3 

12 

II 

oH 

JO 

41 

9 

71 

9.27 

8.81 

I .0211 

2-7 

* 4 

4 

13 

14 

67 

13 

79 

12 

86 

12.27 

11.67 

1.025 


5 

5 

15 

18 

30 

17 

19 

16 

04 

IS -.30 

14-55 

1*030, 

4-1 

6 

6 

15 

2 1 

85 

20 

53 

19 

16 

18.27 

17.38 

1-035 

4-7 

/ 

7 

15 

25 

40 

23 

87 

22 

27 

2»-2.5^ 

20.20 

1.040 

5-4 

8 

8 

16 

28 

99 

27 

24 

25 

42 

24.25 

23.06 

1.045 

6.0 

» 9 

9 

16 

32 

55 

30 

5 « 

28 

53 

27.22 

25.88 

1.950 

6.7 

10 

10 

17 

36 

14 

33 

95 

31 

68 

30.22 

28.74 

1 055 

7-4 

II 

11 

18 

39 

73 

f /7 

33 

.14 

82 

33-22 

31-59 

1.060 

8.0 

12 

12 

19 

43 

32 

40 

70 

37 

97 

36-23 

34-44 

1.065 

8.7 

* 13 

13 

19 

46 

87 

44 

04 

41 

09 

39-20 

'37-27 

1.070 

9.4 

14 

14 

17 

50 

35 

47 

31 

44 

14 

42.11 

40.04 

1-075 

10.0 

15 

15 

16 

53 

87 

50 

62 

47 

22 

45-05 

42 84 

1.080 

10.6 

16 

16 

15 

57 

39 

53 

92 

50 

31 

47-99 

45-63 

1.085 

11.2 

17 

17 

13 

60 

87 

57 


53 

36 

50.90 

48.40 

1 .OQO 

11.9 

18 

18 

11 

64 

35 


47 

56 

41 

. 5.3 - 82 

51-17 

1.095 

12.4 

19 

19 

06 

(*7 

73 

6 . 3 ' 

64 

59 

37 

56.64 

. 53-86 

I . lOO 

13.0 

20 

20 

01 

71 

11 

66 

8r 

62 

33 

59 - 46 

.56-54 

1.105 

13.6 

21 

20 

97 

74 

52 

70 

01 

65 

32 

62.32 

59.26 

.1.110 

14 2 

22 

21 

92 

77 

89 

73 

19 

68 

28 

65-14 

61.94 

1.115 

14 9 

23 

22 

86 

Si 

23 

76 

32 

71 

21 

67-9.3 

64.60 

1.120 

15,4 

24 

23 

82 

84 

64 

79 

53 

74 

20 

70.79 

67.31 

1.125 

16 0 

25 

24 

78 

88 

06 

82 

74 

77 

19 

7.3 - 74 

70.02 

1.130 

16.5 

26 

25 

75 

91 

50 

85 

97 

So 

21 

76 52 

72.76 

1-135 

mam 

27 

26 

70 

94 

88 

89 

15 

83 

18 

79 .34 

75-45 

1.140 

mSam 

28 

27 

66 

98 

29 

92 

35 

86 

'7 

82.20 

78.16 

1. J42 

msSm 

, • 

28 

14 

100 

00 

93 

95 

87 

66 

83 - 62 

79-51 

I-145 

18; 3 

29 

28 

61 

lor 

ft 7 

95 

52 

89 

1.3 

85.02 

80.84 

1. T50 

i8;8 

30 

29 

57 

#->5 

08 

98 

73 

92 

IT 

87.87 

8 . 3-55 

1.152 

19.0 

• . 

29 

95 

106 

43 

100 

00 

93 

.30 

8g.oi 

84-63 

1-155 

19-3 

31 

30 

55 

108 

58 

102 

00 

95 

17 

90 79 

86.32 

1.160 

i(}.8 

32 

31 

52 

112 

01 

105 

24 

98 

19 

93-67 

89.07 

1.163 

20*. 0 

. . 

32 

10 

114 

07 

107 

17 

100 

00 

95-39 

90.70 

1.165 

20.3 

33 

32 

49 

115 

46 

108 

48. 

iqj 

2 I 

96.55 

91.81 

1.170 

20.9 

• 34 

33 

46 

II8 

91 

I 1 I 

7 » 

104 

24 

99 - 43 

94.55 

1.171 

21.0 

• « 

33 

65 

1 IQ 

5 « 

I 12 

35 

104 

82 

100.00 

95-09 

1-175 

21.4 

35 

34 

42 

122 

32 

114 

92 

107 

22 

102.28 

97-26 

1.180 

22 0 

36 

35 

39 

125 

76 

118 

16 

110 

24 

105.17 

100.00 

1.185 

22-5 

37 

36 

31 

129 

03 

121 

23 

113 

II 

107.90 

102.60 

1 . IQO 

23.0 

38 

37 

23 

132 

30 

124 

30 

115 

98 

110.63 

105.20 

1 - 195 

23 - 5 

39 

38 

16 

135 

61 

127 

41 

118 

87 

11.3-40 

107^83 

1.200 

24.0 

40 

39 

T I 

138-98 

1.30 

58 

121 

84 

116.22 

110.51 
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TABLE XLIT—NUMBER V)F GALLONS IN^CTSTERNfl ANlS TANKS. 

- -- • - —------- ■ 


Doi)th 

in 

» 



Diameter in Feel. 



1 

Fec-t. 

. 




• 


■* 




.S 

h 

7 

K 

0 

1 0 

>1 

k 12 

1.1 

5 

725 

1060 

iticJ 

'875 

2380 1 

12.925 

3,550 

4,237 

5,084 

4,960 

6 

870 

1270 

1728 

2je;o 

2855 

3,5'o 

4,2()o 

5’95 2 

7 

1015 

1480 

2016 

2(rJh, 

3330 

S,og5 

4,970 

5,931 

9,944 

8 

1* fX3 

]tK)C? 

^304 

3000 

3805 

4,98 o 

5,(>8o 

9,778 

7-936 - 

9 

'3°.'; 

j(;oo 

251)2 

3375 

4280 

5,265 

9,39c.* I 

1 7,925 

8,«i8 

10 

1450 

2110 

2880 

3750 

4755 

5,8.50 

7,100 ' 
, 7,810 

* 8,^72 

9,920 

K 

'.WS 

2320 

3'98 

4'25 

5230 

9,435 

9,3^ 

10,9'3 

12 

1740 

2530 

3459 


5705 

7,020 

8,.520 

IO,](>() 

11,904 

13 

1885 

2740 

3744 

4875 

(1180 

7,905 

9,230 

11,013 

i;,8o6* 

14 


2050 

4032 

5250 

9955 

8, i()o 

9,940 

1 i,S()6 

13,888 

15 

2'75 

3it)o 

4320 

5925 

7130 

8,775 

10,(150 

12,707 

14,880 

16 

2320 

3370 

4608 


7f)05 

9,360 

ii» 39 o 

13,554 

15,8.72 

17 

2495 

3580 

48^(1 

9375 

8080 

9,945 

12,070 

14,401 

16,864 

18 

2610 

3790 

5184 • 

9750 

8535 

10,530 

12,780 

15.248 

"17,859 

19 

2755 

40.00 

5472 

7'25 

()OIO 

11.115 

,13.490 

19,095 

18,848 . 

20* 

2000 

4210 

5760 

7500 

94<)0 

1 1,700 

1 

44,200 

19,942 

19,840 


Depth 

in 




Feet. 

14 

1.'; 

• 

6 

5 

.5.765 

6,(x)S 

7,520 

6 

6,918 

8,0.58 

9,024 

7 

8,071 

9,378 

10,528 

8 

9,224 

10,718 

12,0.53 

9 

10,377 

12,058 

13,5.39 

10 

11,5.30 

13,.398 

I ;,o4o 

II 

12,(183 

14,738 

19, .54 4 

12 

13,839 

1 (1,078 

18,048 

13 

14,989 

17,4'8 

19,552 

14 

16,142 

18,758 

21,056 

15 

17,295 

20,098 

22,260 

16 

18,448 

21,4.38 

24,064 

17 

i(),9oi 

22,778 

25,568 

18 

20,7.54 

24,118 

27,072 

19 

21,907 

25.458 

78,57(1 

20 

23,0(10 

26,798 

1 • . 

30,080 


Diameter in l*Vet. 


iS 

20 

22 

2.4 

1 

25 

9,516 

11.7.50 

14,2'5 

16,918 

18,358 

11,419 

14,100 

17,059 

20,.502 

22,0.50 

13,322 

1 (1,450 

19,902 

23,680 

25,701 

15,225 

iS,8oo 

22,745 

27,070 

29,372 

17,128 

1 21,150 

2 5,.588 

.30,454 

33,043 

'9,0.5' 

23,.5oo 

28,431 

3.3,8.58 

36,714 

20 ,i ),54 

25,8.50 

31,274 

37,222 

40,385 

22,837 

28,200 

34,'' 7 

40,(106 

44,056 

24,740 

30,550 

36,960 

43,990 

47,727 

26,643 

32,()00 

47,374 

47,374 

51,398 

28.546 

35,2.50 

42,(146 

.50,758 

55,069 

30,4V) 

37,(100 

25,489 

54,142 

58,740 

32,.352 

.39,9.50 

48,.532 

57,520 

62,411 

.34,255 

42,.300 

5',175 

60,910 

66,082 

39,158 

44,650 

54,018 

64,294 

6 ij ,753 

38,062 

47,000 

5(1,861 

67,678 

73,424 


For tanks that arc tapering, measure the diameter four-tenths from the large end. 
The American standard gallon contains 231 cubic inches, or 8J lbs. of pure water. 
A cubic foot contains 62.3 lbs. of Water, or 7.48 gallons. 
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TABLE Xl,V.—'VAIXE O]^ COMMERCIAL I’RODCCTS AH COMPARED 
WITH CHEMICALLY PURE PRODUCTS. BASIS, xINIJY FOR THE 
'C. P. SUBSTANCE. 



1.0000 80 

1 OJCl 7 Q 

1.0204 78 

1 030C) f 77 

1.0417 I. 7 ^ 

3* 0520 75 

1.0638 
1 7 .S 

i.oSfx; 72 

i.ogSg 71 



5,0000 
5 - 2^31 

6.2500 

6.6667 
7.I42y 
7.61)23 
8 -. 3 . 3 . 3.3 
(). ogog 

10 0000 

1 1 . T ] I I 
12.5000 
14 2857 

j 6. ()()6() 

20 0000 
’s 0000 
. 3.3 • . 3 . 3.33 
50.0000 
100.0000 
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TABLE XLVf.—EQU 1 .VA 1 v 1 :NT PRICES FOR ^SODA-ARIi. (bAsIS 48 
, • PER CE^T.) 


Prici- per 
100 Lbs. 

4S PcT 

Cftii. f 

Prict’ per 100 
• Lbs. 

SS Per Cent. 

Priee per Tcin 
(2,240 Lbs.). 
4S Per . 

Priee jier Toll 
(2..>4o*Lbs.). • 
j.S Per Cent. 

Priee iier 1000 | PriK-^pcr loeo 
KiVl.s 1 Kili.s 

(j .>04.(1 Lbs.). ^ (2, >04.() Lbs ). 
4.SlVrCii)l. 1 .sS Per Cent. 

$o.ot 

$0.0121 

$0,224 

- », f 

$0.2706 

$0. 2 205 

$0,266) 

.02 

.0242 

.448 

• -.5413 

• . 440 <) 

•5.328 

.0.? 

• -0302 ' 

* .072 

.8120 

. ()() 14 

. 7992 

.04 

•0483 

. SgO 

I .0826 

.8S18 , 

1-0656 ^ 

•05 

.0604 

1.120 

1 - 35.33 

1.1023 " 

i-. 33'0 

.06 

mm 

I -.34 4 

1.62 10 

1.3228 

I • .'?983 

.07 


1.368 

1.8(146 

1 5432** 

I.86)J 

.08 

. 0966 

1 . 702 

2.1653 

I - 7^37 

2#1311 

.oc; 

* .1087 

2.016 

2.^360 

1. (>841 

2•3975 

.10 

.3208 

2.240 

2.7066 

2 20 

2.6639 

•15 

.1812 

3 - 3 ^’° 

4 0600 

3 ■ .3o6() 

3.8958 

.20 

•2417 . 

* 4 480 

5 - 41.33 

4 40()2 

5-3278 

•25 

.3021 

5 • 600 

6 7666 

5 V ' 'i 

6.6597 


•3^25 

6.720 

8 I 200 

^>.(1138 

7 9917 

•35 

.422() 

7.840 

0 473.3 

7 7 ' '^" 1 

9 3236 

.40 

•4833 

8 ()< K > 

10 8266 

8 SiSj 

10.6556 

•45 

■5437 

*) 080 

12.1800 

9 9207 

11.9875 

•50 

.fl042 

11.JOO 

13 53 3.3 

11.0230 

i 3 - 3'04 

•55 

. (164 0 

12.320 

14.8866 

12.1253 

14.6514 

.60 

•7250 

13 410 

16.2400 

13.2276 

1.5 9833 

•65 

•7854 

14.360 

' 7-5033 

14-3290 

'7-3153 

.70 

.S 4 vS 

15 6S0 

]S.() |66 

' 5 - 4.322 

iS 6472 

•75 

. go(»j 

16.Soo 

20 3000 

lO 53)5 • 

19 9792 

.80 

()060 

17.920 

21-6533 

17.6368 

21.31'! 

.«5 

1.0271 

19.0|0 

23.0066 

18.730' 

22 '6431 

.go 

1.0875 

20.t6o 

2.J 3600 

19 8)15 

23 97.50 

•05 

1. 1)7g 

2 1 . 2S0 

25 7'.33 

20 91.37 

25.3070 

1.00 

1 20S 4 

22.400 

22.0666 

2?. J200 

22.0460 

26.6389 

1.05 

1.2O.S7 

23 320 

23-1 | 8.3 

27.9708 

1. ]0 

1.3292 

24.640 

29 - 77 . 3.3 

24.2506 

29.3028 

J -15 

T.3896 

25.760 

31 1266 

25-3529 

30.6348 

1.20 

1 .4500 

26.880 

32 4800 

26.4552 

31 9667 

1 -2^ 

I 3104 ' 

’ • 28.000 

33 83.33 

27-5575 

33 2986 

I . ^0 

j.s7oS 

2f) 120 

35 1866 

28.65T18 

34.6306 

I -.55 

1.0312 • 

30.240 

36.5400 

29.7621 

35 9625 
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TABLE EQUIVALENT PRICES' FC)R ('Al'STIC: T^ODA, PER 

LBS. (BASIS 60 PER ('ENT). " 


Price I T 100 
Lbs. 

60 Per 


Price pi r j 00 
*’ Lbs. . 
70 Per Q-ril. 


.7000 

.8167 

1.0500 



1.1667 

I.4000 
1.5167 
1-6133 

].7500 

1.5667 

1- 9«13 
2.j 000 
2.2i(>y 

2- . 3.^33 

2.4500 

2.5667 
2.68.^5 
2.8000 

2.Q167 
. 3 - 0.333 
3•1300 
3.2667 

3- 3S3.3 


Price per 100 
' H)s. 

72 Per Cent. 

$ 0,012 

.024 

. 0.^6 

.048 

.060 


Price per 100 
14 )s. 

74 Per Cent. 


.S40 
.ciCra 
] .oSo 


1.320 

I. 440 

J. 5 ()o 

1.680 

1 800 
1.020 

2 040 
. j6o 

2.280 

2.400 
2.520 
2.640 
2.760 
2.880 

3.000 
3.120 
3.240 
.3 , 3 <'>o 
5 



1.4800 

3 • ^’ 0.33 
1.7267 

1.850c 

1 9733 

2 o()(iy 
2 .2200 

2- . 34.33 

2. }667 
2. 5 t)oo 

2.71.33 

2 8367 
2.9600 

3- 08.33 

3 - 2067 
. 3 -. 3.300 

. 3 - 45.33 

3-5767 


Price per 100 
Lbs. 

7f) Per Cent. 


$0.0127 
•0253 
.0380 
• .0507 

.0630 

.0760 
.0887 
. I 1.30 
. 1140 
.1267 

. 1()00 
-25.33 
-3167 

- .3 ^’00 

,5067 

- 6333 

.7600 

.8867 

1 -01.33 

T.1400 
I.2667 

1 - .30.33 

I 5200 
I.6467 
1 - 7733 

I 9000 
2.0267 

2- 15.33 
2.2800 
2.}o67 

2 - 5 . 3.33 
2.6600 
2.7867 

2- 91.33 

3.0400 

3- 1667 
3 2933 
3.4200 

3 -.5467 
3-67.33 


3.00 


3.5000 


3.600 


3.7000 


3.8000 
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rABT.E XLVIII?—POUN^DS TALLOW SAPOJITFTED HY 100 BOUNDS 

OF ('Al’S'^IC Lye of DIKFERKISPr DENSITIES, MADE OF TllE 

CKADES OF ('AUSTJC' INDK'ATED. (I.uihorn.) 

• • • 


Dcffri'cs. 1 
Be. 1 

• 

' 77 -■!“ 

7l.». , 

7-1° 

72”. ' 

• -« 

70“. 

• 

60". 

Demres 

Tw aildcl. 


_ 



1. » 



10 


45 86 

41.66, 

43-4.3 • 

,4:! 24 

36.20 

1.5-0 

1 I 

52.22 

.S« 27, 

46 ^5 

48.51 

47-17 

40 42 

16.6 

72 

lb-14 

01 

.'i4 .v*; 

53 08 

51 50 

44.24 

18.2 , 

J.I 

()2.00 

60 So 

56.20 

5 7-.SO 

56.01 1 

4f^W 

20.0^ 

M 

67.30 

66 00 

64 25 

62.52 

60.78 

52.10 

21.6 

1.=; 

7> 

70 46 

68 60 

66.74 

64 88 • 

55-62 

«3-2 

i() 

78.3S 

76.86 

74 X4 

72.81 

70.70 

4®. 67 

25.0 

37 

«4 • ,S‘) 

82 g.) 

80 76 

78 57 

76 40 

81.28 

65 48 

.26.t{ 

7S 

(fo 02 

88.26 

64 

83.62 

(xj go 

28.4 

]<) 

gf>.76 

64 6' 

02 31 

8g gi 

87.42 

74-02 

30-4 

20 

102.64 

100 (> 

67 g.i 

05 - 30 

62 64 

• 70-.F) 

32-4 

2 I 

108 1 

J06 0 

J 03.1 

100 4 

07 61 

83.66 

.3-^-2 

22 

11,S.6| 

11«.4 

1«S 5 

105 . 5 

102 6 

87.92 

36.0 

2.1 

11 g. 8 

1:7.4 

1 '3-1 

111.3 

:o8.i . 

02.72 

38.0 

24* 

126 2 

123.8 

120.5 

117 2 

T3 0 

07-70 

40.0 

2.^ 

1.12.71 

130.1 

126 7 

123 3 

iig 6 

102.7 

42.0 

26 

i.Sg.S 

137-2 

>.33-f> 

i2g.g 

126 3 

108.2 

44-0 

27 

■17 ' 

l-W-2 


i.Sf>-7 

132.8 

1 13-0 

46.2 

2.S 

153.00 

I.SO-' • 

146,1 

142.1 

138.1 

T18.4 

48.2 

2g 

161.7 

158 6 

,i.=;4 4 

150 3 

146. T 

125 2 

.50.4 

30 

|6() 07 

165 8 

161 4 

157.0 

152.6 

130 8 

52.6 

31 

177 2 

173-^^ 

I(kj.2 

161.3 

150 7 

1 16 g 

54-8 

32 

J''^4-3 

180 7 

176 0 

171 2 

1 66.4 

142.7 

57-0 

33 

l()l 6 

187 g 

183 0 

178 0 

'73-1 

148.4 

. 50 - 4 _^ 

. 34 

igH 6 

Jg4 7 

ifig .5 

184 5 

170 8 

1 . 53-7 

61 . 6 '^ 

3.S 

205 g’ 

201 g 

i(j 6 6 

igi -3 

186.0 

f 5 a -3 

64.0 

3 ^' 

21,1 

2CX) 6 

204 1 

1 ()S. 6 

103 2 

16.?. 5 

66.4 

37 

2-3 0 

21S 7 

2 12 g 

207.2 

201 5 

172.7 

(xj.o 

3 ^ 

231 g 

227 4 

221 ,4 

215.1 

20() 4 

1 70 - 5 

71.4 
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Specific Gravity of Aqueous Solutions ‘of Glycerin. — ^The most 
acfurale nimiljcrs arc those pul)lishcd by I..cnz, Strohincr, Gerlach, 
Nicol, and Skalwcit.' 'Lenz ejerived his table from a sample of 
chemically jjure glycerin, the glycerin of which had been determined 
by ultimate analysis. Sin hmer used crystallized glycerin rendered 
anhydrous by repeated pressing between folds of filler-paper. Ger¬ 
lach used a sample of glycerin with boiling-point constant'at 29° C., 
prepared by concentrating chemically pure glycerin of specific 
gravils 1.220. ATorawski (J. S. C. I., 1889, 424) has controlled a 
few' of the numbers given below by ultimate analysis. His results 
show that Lenz’s figures are, as a rule, a little too high, tho.se of 
Strohmer a little too low, while those of Gerlach and Skalweil agree 
among them.selves and with chemical analysis. Tn the determination 
of the specific gnui ’ty of ‘glycerin at temperatures less than nosmal, 
Hehner (J. S. C. 1 ., 1889, 8) makes a correction of 0.00058 for each 
degree Centigrade. 

TABLK XLhN.—Sl’IX'lFIC GRAVITY OF AQJJKOUS SOLUTIONS OF 

GLYGF.RIN. 


StnihnuT. 


GitIulIi. 


*'G 1 \ ClTi 1]. 
Pit Cfiu. 


SiK-tifii SiH'i'ific Siu'cific Spci ifii' Si)fi‘ifie 

Girivil\at 12°- Grti\it>'at Gravitv at Gravit\ at Gravity at 
i;. WatiT !7.s“C. Water Wali-r 20“ C. Water 20“ C. Water 

ati2“C.-1. at 17.';° C.-1. alis”C.--i. at 20“ C. - 1 at2o°C. —1. 


] .21 k;i 

I 

I 2610 
1.258; 



I. 2620 

J. 2594 
1 2568 
1 2542 
J 2516 

I 24(>0 
1 24 f >4 
I 24.VS 
I 2412 
1 .25S6 

] . 23;K) 
1 -25 

I 240(1 
J 2 2 70 
1.2252 

I 2225 

1.2198 

I .2171 

1.2144 

1.2117 


.26348 

2 ( k > C )1 

■ 25832 
•25572 
•25312 

• 25052 

• 21700 
24526 

J 24259 
I.23990 

T.23720 
1 23449 
1 23178 
I 22907 
1'22636 

1.22365 
1.22094 
I.21823 
1-21552 
1.21281 
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SPECIFIC GRAVITY OF AC^IJKOUS SOI.UTIONS OF GT.YCERIJJ—Cow/’rf. 

• . * ^ i 

§ Lenz. Stnihnicr. • txi'rlaili. ^ Nii-ul. ^ 


Stnihnicr. 


txi'rlaili. 


G 1 VCtTlll. 

Pi-r CVnt. 


SjKH'iflC 

ClravitN at 1 2°- 
I 14° C. Wat IT 
I at 12 ° C. “ 1 . 


1.2 1 59 
I 212 2 ^ 

1.210^1 
I.2070 

I .2042 
7 .20lrt 

1.1990 
I ■ ' 07.5 
I 1945 

1.191S 


SjU'C ific 
Gravit V at 
17.5 c:. WatiT 


(iravii V at 


(iravit y at 


] . 1 S8(}» 
I 

1 rSjf) 


1 • r 7 .^.^ 

I I 702 
j iftji 
1 . I f)40 
I if)io 

1 . 1.5!^- 

j i 55 f> 
1 ■ >.ViO 

t .1505 
j. 1480 

i.i 4 v=; 

1.1450 
I •1405 
1 ■ '.i 7 .=; 

1.1 

1.1520 
I 11^5 
1 1045 
1.0(^07 
I 0771 

1 • 

1 o4()8 

I. 0.574 

J. 0245 
1.0125 
1.0000 


l. 5 °C. Wfltrr 20 ” C. Watpf 
at 1 5 ° C.* 1 ^ at 20 ° C- 1 . 


_ i 


1 210 • 

1.2130 

1.207 

I.2102 

I 204 

1.2074 

I . 202 

1 . 204(1 

1-199 

I.201S 

I. i()ft 

1 . l(;r)0 

1 19.5 

1 .1()(l2 

1 . I()0 

J■1934 

1.188 

1 . l()0(l 

1.185 

I.1878 

1^82 

1.1S50 

I. I 79 



SlH'cific 
C'liavn V at 
20 ° C. Water 
at 20 ° C.^ I. 


I 170 

I ■ I 7.5 
J . 170 

1 107 

>f >.5 
1 iCk) 
] 1.57 
r. 154 

I 151 

1 140 
I 140 
I 1 11 

I. J 4 « 

I 140 
1 . 1.57 
1. 1.55 
I ■ 1 . 5.5 
1.1.50 

1.128 


1.1570 


1.14.50 


1.2090 
1. 2oC).5 
1 . -0,5(1 ^ 

J 200(7 • 

1.1982 

• 

1 . 111 . 5 F* 

1. lt)28 
1 . 1 ()0 1 
1 1874 

1 1820 


1 1(185 


1.1550 


11415 


0 

0 

I.1280 

1 1 >. 5.5 

1.1145 

1.1020 

I. rtiio 

1.0885 

1.0875 

0 

0 

1 0740 

1 0620 

I . oft 10 

1.04170 

1 0480 

1.0245 

1.0235 

I.0000 

1.0000 


I .21010 

• 1.207.51) 

1 . 204(18 a 
1 2019 / 

I . 1()925 

• 

1.19(15.5 

1 , 19.581 
1 . I ()109 
I. 18 S 57 . 
1 . iS. 5('5 

• 

1 ■ 1 

1.18020 
T.17747 

1.17474 

1.17201 

i.i(h)28 
1.1 ( 1(154 
.1 ( 1.580 
1 1(1107 
I ■ 1 . 5^51 

1 iSS'^x* 

1.15-88 

> '.5015 
1 14742 
1. i 44 fx) 

T 1419 ft 
1. i. 5 < 42.5 
I 1 . 5(150 

1 . >! 5 . 5'77 
1.13104 

1 . 12 S 31 

1 . 114(19 
I .10118 
1 . 0878 ft 
1 . 074(19 

I .oftiftft 
I .04884 
1 . 0 . 5 O 22 
I 02391 
1.01184 
1.00000 
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TABLJ: L.—:Spl:CinC GRAVITY OF AQUEOUS SOLUTIONS OF 

’ GLYCERIN. 


(Skalwkit.) 


Glvceml. 

K-r 

Cfiit. 

^Spqi'ific’ 
( 3 ravUv at 

li;® 0. 

G] vcerol. 
Per 
Cent. 

1 

Spec'ifie 
Gravity at 
- 1s" C. 

I GJyctTo 
Per 

1 Cent., 

o 

I.0000 


-11—-- 

I .0620 

> 50 

I 

*,.0024 

26 

I.0646 

51 

tl ^ 

f _ 

I.004S 

27 

1.0672 

52 

3 

1.0072 

28 

T. o6(;8 

53 

4 

I.0096 

29 

1.0724 

54 

5 

r 

1.011.'^ 

.30 

1.0750 

55 

I.0144 

.31 

1.0777 

5 ^> 

57 

7 

1.0168 

.32 

1 0804 

O 

T .or92- 

.33 

t.0851 1 

i 

9 

1.0216 • 

! .34 

1 

1.0858 

1 • 
i 59 

• 

lO 

1.0240 

! .35 

1.0885 

fXD M 

11 

1.0265 , 


1 .09 J 2 

6, 

12 

I.0290 

r 37 

M 

0 

•O 

62 

• 1.3 

I •0.315 

• 3 « 

r.0969 

*3 

14 

1.0340 

.39 

1.0993 

64 

15 

1.0365 

40 

t . 1020 

^’5 

96 

U) 

1.0390 

41 

1.1047 ' 

17 

j8 

1.0415 

42 1 

1.1074 , 

(>7 1 

1 0440 

43 

1 1101 ' 

98 


r.0465 

44 

1.1128 

fxj 

*“ 20 ! 

I 0490 ' 

45 

I 1'.55 

70 

21 

I 0316 i 

46 

1.1182 , 

71 


j o? 4 -’ ; 

t 7 

1.1209 :| 

72 

2.3 ' 

1.0568 ij 

48 

'•1236 :| 

7.3 ! 

24 , 

1 

J -0594 ' 

1' 

49 ! 

1 

ji 

; 


!i 


^Specifie 
Gravity a1 

Glyecrul'. Sperific 
Per .Gravity at 

. is“C. 

Cent. 

1 .S” c. 

—-— 

— 


T 1290 

7.5 

1.1990 

1 I3!.S 

76 

1.2017 

1.1346 

77 ^ 

I.2044 

J - ^374 

7 « 

1.2071 

1.1402 

79 

1.2098 

I.1430 

1 80 

1.2125 

1.1458 

8r 

1.2152 

I.i486 

82 

1.2179 

1.1514 

J ^.3 

1. 22db 

1 - 1.542 

84 

1 . 2233 

1.15-0 

S .5 

1 . 2260 

1, • 1.599 

89 

1 . 2287 

T.1628 I 

S7 

1. 5'314 

1 - 1^57 1 

88 

1.2341 

1 . 1689 1 

8(1 

1.2368 

V 1715 

90 

1 2395 

1-1743 

91 

1.2421 

1.1771 

92 

' -2447 

1.1 7(19 

93 

'•2473 

1.1827 

9 ; 

1 . 2499 

1.1855 

95 

' •2525 

1.1882 

96 

1-25.50 

I.1909 

97 

'•2575 

1.1936 

g« 

1 . 2()00 

1.1 (>63 ' 

9 <; 

1.2625 

i 

100 

1 . 2650 
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TABLE H-«ATrRATED*STEA4lt. 


Tabic showing stc^jm-pn'ssurc in pounds j>er stcamtgaugp;"lhe absolute pressure 
per sr|uare inch Pleasured ii-iim a vacuum; ftches of mercury and t^mperature^in 
tfegrees Fahrenheit. 
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Acid.s; 

Arctic StTic.'i, ctr., 14 
I lycTrochloric, Spcrlfic (rraVity of, 

674 

irydroxy.slearir, 472 
Fatty, 458, 463, 624, 633, 6^p 
Suli)h()-ar()malir, 476 
Acidification, 464 
Alkali .Mi.sorption, ig, 628 
Alkali Tmlu.strj’, 85 
'Ammonia Soda I’roccss, 3, 8g 
'l^nimal l''al.s, 34 
Automatic Soap-jircs-s, 224 

liccf-fat, 35 
Blcarhinu, 120 

Jtleachinj' licc.swax and “Stcarinc,” 
4 q 8 

Bleaching Candles, 1525 
Blcachinff with FuUct’s Earth, T37 
Blending of I’crfumcs, 401 
Borax. ii8 

Jfrinc, Prcjiaration of, 113 

• • 

Candles, 2, 430, 500 . 

Caqdies, Classification of, 526 
Candles, Self-fitting-end, 530 
Candle Machine Si/e.s, 523 
Candle-moulding, 517 
Candle-moulding Machines, 509 
Candle-plant, 504 
Castor Oil, 148 

Caustic Lye, Preparation and Use of, 

Cau.slic Melihg^and Storage-tanKS, 15S 
Caustic Soda, 3, gj, 316, 621 


Caustic Soda, Commercial Grading of, 

Cau.stic Soda, Er^iivalent Prices for, 
678 

Caustic Soda, Grinding, 156 
Caustic Soda Solutions, Sjx'cific Grav¬ 
ity of, 97,157 

Change: 

Stock, 332, 357 
Pickle, 359 

Rosin, 338, 340 

Strengthening, 340,358 
Settling, 342, 360 ^ 

Chipping Soap, 255 
Cisterns and 'Panks, Caiacit^ of, 155, 
675 

Civet, 396 

Cocoanut Oil, 71, 142 
IJold TVoce.ss Defined, 242 
"Coloring Candles, 508 
Colors, 410, 412 

Comparison of Thermometric De¬ 
grees, 668 

Continuous Methods of Soap-making, 
436 

Corn Oil, 70, 145 
Cottonseed Oil, 61, 145 
Cottonseed Oil Soap-stock, 68 
Cottonseed Products, 64 
Crutcher, 176 

Crutcher, Use of, 185, 349, 351, 364 
Cutting-table, 195 

Detergents, Influence of, on Textile 
fibres, 307 
Digester, 451 
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nipping,'536 • 
ii'isc Fan, Installation of, 214 
l)istillalion of Fatty Acids, 468 
Drying ef Soap, 209, 366f 
Drying-room„ 212 
Duration of a Boil of Soap, 348 

Ejector, 175 
Essential ^Is, 378 
, ^ AdultcraVion of, 396 
* Classificativu, 379 
Concentrated, 394 
Distillation, 392 
Examination, ‘400 
Extraction, Methods of, 387 
Substitutes, 395 
Evajxirating Plant 557 
Evajxiration, Principles of, 554 
Et’aporator: 

Foster, 560 
Garrigues, 590 
Jobbins, 561 
\\'alburn-Swcnson, 559 

Factory Equiiiment, Summary of, 236 
Factory I’roducts, Examination of, 620 
Fatty Acids, 458, 463, 624, 633, 660 
Fatty Acids, Cold-process Soap from, 

. 257. 

Filter-mixer, 176 

Filling. 350 « 

Filling ^laterials, 115 
Filtcr-pr^ss, 132 
Foot-press, 216 
Frame, 185 
Framing, 353, 361 

Glycerin, 541;, 612,639 
Crude, 573 

Distillation of, 574, 590, 607 
Determination of, 635 
Djmamite-rcfined, 642 
Historical, 542 
Specific Gravity of, 680 
Uses of, 618 
Yield of, 611 
Glycerin I'oots, 585, 638 
Graining, 335 
Graining Agents, 290, 295 

Hand-stamp, 216 
History; 

Candle Industry, i, 416 


History; 

Glycerin kecoyery, 542 
Soap Industry, i 
Hog-fat, 43 
Hog Products, 45 
Hydrolysis, 446 

Iodine Absorption, 661 

Kettles, 159 

Lards, 44 
Laixl Gil, 46 
I-.ard Stearin, 46 
■ I.insccd Oil, 60, 148 

» 

Melting-point, Determination of, 540, 
625 

M oil ‘ arc, Detf'rmination of, 623 
Mills, 420 

Mil|s, Ojieration of, 422 
Mineral Soap-stock, 119 
Modified Cold-jiroa-ss, 261 
Musk, 396 

1* 

344 , 345, 367 
Nigre, Utilization of, 345 
Nitrating 'lest, 643 
Nitro-glycerin, 617 

Oils: 

Castor, 148 
Cocoanut, 71, 142 
Corn, 70, 145 
Cottonseed, 6r, 145 
Essential, 378 
Ijnseed, 60, 148 
Olive, 54, 142 
Palm, 73, 139 
T’alm-kernel, 74, 142 
Peanut, 75 , 

Red, 49, !49, 312 
Oleo-oil, 38 
Oleo-stearine, 38 
Olive-crushing, 56 
Olive-oil Foots, 59 

Palm Oil, 73 
I*alm-kernel Oil, 71, 142 
Paraflin, 489 
Peanut Oil, 75 

Percentage, Soap-makers’, 150 
Plodders, 428 
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Plodders, Operation of, 43a 
Potassium Car^hat^, 108 
Potassium Hydrate, 108 
Power-i^s §,^24 
Press-cake, 139 
Pressing Soap, 220, 436 
Process: 

Acid-saponificatk>n, 463 
Ammonia«soda, 3, 8^ • 

Bichromate-oxidation, 126 
Bleaching, 120 
Cold, 241 

Continuous Soap, 436 
Electrolytic Caustic Soda, 87 
Garrigues,*587 
Grained, 289- 
Jobbins, 563 * 

Blanc, 3,85 

Lime-saponifiration, ’550 
Mflrlilicd Cold, 260 
Rendering, 40 
'S^mi-ljoiled, 272 
'i witchell, 475, 478 

Raw Materials, Examination qf, 6^ 
Raw Materials of Soap Manufacture: 
Classification, 33 
Receijjt and Handling, 153 
Raw Materials of Fatty Acid Manu¬ 
facture, 446 
Red Oil, 49, 149, 312 
Remeller, 206 
Rendering, 40 
Rosin, 77, 149, 634, 658' 

Ro->in, Killing with Soda-ash, 345 
Rosin Change, 340 
Rosin Lye, 339 

Sal-soda Manufacture, 104 
Salt, 112, 572, 622, 638 
Sa|K)nification, 446 • • 

Saponification with Soda-ash, 151 
Sa|)ypifying Agents, 156 
Scrap, 204, 260 
Silicate of Soda, 115 
SlablKT, 193 
Soaj>: 

Boiled-down, 321 
Castile, 319 
Chi})ped, 253 

Classificatit)n, 287 ^ 

Cold-proMK% 24 ] 

Colil-])rocesi) Modifietl, 260 


' Soap: 

•Constitution, 22 
Disinfectant Poorer, 37?' 

ExamipatidW^ 

Floating, 362 

Floating, Specific Gravity of, 266 
. C|lyc»«iSin,664 
k ftraiflcdi ‘289 
■istorical, r 

l^uschold, Rcquirenjpnfs of, 329 
hrarine, 320 
Medicated, 36^ 

Milled, 356, 415 
Mottled, 3;^ 

Printers’ and Dyers’, 313 
Rosined, 328 
Salt-water, 320 
Sand or Scouring, 274, 304 
Semi-l)oiled, 272 
Shaving, 368 
S«)ft, 282 
'Par, 262 
7 extile : 

Cotton, 312 
Silk, 311 
Wool, 309 
Transjjarent, 266 
Yield of, 286, 353 
Soap-box, 234 
Soap-dies, 229 

Soai)-factor)', Constructfbn and Loca* 
cation cK, 152 
Soap-kettles, 159 
Soap-milling, 418 
Soap-perfumery, 404 
/looting, 408 
Laundry, 409 
Milled, 404 
Soap-jx)wdcr, 294 
Soa])-stock: 

Of Animal Origin, 33 
Classification, *46 
Of Vegetable Origin, 52, 83,623 
Soap-wrapping, 232 
Soda-ash, 317, 621 

Soda-ash, Caustici/ation of, 93, 96,103 
Soda-ash, CommcKial Grading of, 93 
Soda-ash, Equivalent prices for, 677 
Soda-ash Solutions, Specific Gravity 

of, 352 

Specific Gravity, 639, 645 
Starch, T19 

Steam, Expanded and Reheated, 579 
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^.eam, SAuAtted, ol^ 683 

J»^am-coils, \ 6 $ . ^ 

Stock and Ir^, I’roj; ^rtiuns of, 243 
Stock, Pwrification antL'-lUtSiching^ 120 
Stock, RancicVty ana Addity'of, 120 
Stock, Relation of Quality to Glycerin- 
content, 123 
Si'Kk-straincr, 175 

Sulphuric -^id, Specific UraVity oi,^ 71 

« * 

1 allow, 40, 1 V46 

i*andling, 50 
Sapdnilicatioii, 679' 

Tal*:, J18 * 

Titre Itst, 629 


VacuufnEv^poratoi 8,^56 
' Value of Comn]4rcial Products Com¬ 
pared with Chemically Pure Pro¬ 
ducts, 676 

Waste Lyes, 367, 546 
Anatysfs of, 634 
X- Concentrated, 567 
Concentptio^ of, 553 
Purificatmn of, 550 
Slock, 338 
Robin, 339 
Slrengtn, 342 
Yield, 549 

fWicks, Preparation of, 590 








